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SUMMARY 


Throughout  an  aircraft's  life  cycle,  various  product  improve- 
ments are  recommended  to  upgrade  the  vehicle's  reliability 
and  maintainability  characteristics.  The  problem  for  program 
managers  lies  in  deciding  whether  the  cost  of  improving  the 
aircraft  will  be  sufficiently  offset  by  the  reductions  in 
expenditures  for  maintenance  that  are  expected  to  result  if 
the  improvements  are  made.  Rigorous  analysis  techniques  that 
consider  all  of  the  variables  involved  in  such  decisions  were 
not  always  used  in  the  past,  either  because  they  were  not 
available  or  were  not  easily  utilized. 

The  purpose  of  the  program  described  in  this  report  was  to 
develop  a technique  for  evaluating  the  cost  and  operational 
effectiveness  of  potential  aircraft  modi f ications  that  affect 
reliability  and  maintainability.  The  methodology  developed 
was  to  consider  the  vehicle  changes  in  the  context  of  a task 
accomplishment  approach.  In  other  words,  the  change  was  to 
be  evaluated  in  terms  of  its  ability  to  perform  a specific 
mission.  A further  aim  was  to  make  the  evaluation  technique 
easily  useable  by  those  involved  in  the  decision-making  process. 

Task  I consisted  of  the  development  of  a computer  program  to 
evaluate  proposed  aircraft  R&M  changes  with  respect  to  a base- 
line configuration.  Several  cost  techniques  such  as  break- 
even point,  rate  of  return,  and  net  present  worth  were  used. 
Output  included  the  following  cost  categories:  research  and 

development,  investment  nonrecurring  and  recurring,  and 
operational  costs.  The  program  allowed  analysis  between 
implementation  cost  and  change-to-operational  cost.  Further- 
more, the  program  permitted  assessment  of  the  change  in  effec- 
tiveness in  terms  of  availability,  utilization,  and  fleet  size. 
The  results  of  the  first  task  were  documented  in  an  interim 
report. 1 

Task  II  called  for  the  construction  of  several  test  cases  to 
be  run  through  the  computer  program.  Historical  data  on  modi- 
fications of  selected  components  was  examined  to  determine  the 
impact  of  the  modification  on  aircraft  operations  and  costs. 

The  result  of  the  project  was  a new,  integrated  technique  for 
evaluating  potential  aircraft  modifications,  which  considers 
R&M  improvements  and  measures  cost  and  operational  effectiveness 
within  a task  accomplishment  structure.  Although  this  study 
was  undertaken  with  aircraft  in  mind  (particularly  helicopters), 
there  are  no  limiting  factors  in  the  technique  which  will  not 
allow  its  aoolication  to  other  vehicles  or  systems. 

iBlewitt,  S.  J.,  PRODUCT  IMPROVEMENT  PROGRAM  EVALUATION,  The 
Boeing  Vertol  Company,  Philadelphia,  Pennsylvania,  Boeing 
Document  D210-11146-1,  November  1976. 


PREFACE 


This  report  presents  the  results  of  a study  to  develop  a 
generalized  analysis  technique  for  evaluating  potential  air- 
craft modifications,  which  may  result  from  the  successful 
completion  of  advanced  R&D  programs.  The  study  was  conducted 
under  Contract  DAAJ02-76-C-0020  for  the  Eustis  Directorate, 

U.  S.  Army  Air  Mobility  Research  and  Development  Laboratory, 
Fort  Eustis,  Virginia. 

USAAMRDL  technical  direction  was  provided  by  Mr.  T.  Evans, 

Mr.  R.  Walker,  and  Mr.  H.  Bratt. 

The  Project  Engineer  for  the  Boeing  Vertol  Company  was 
Mr.  S.  J.  Blewitt  of  Product  Assurance  Research  and 
Development.  Program  management  and  technical  direction 
were  provided  by  K.  G.  Rummel  and  K.  T.  Waters. 
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INTRODUCTION 


In  addition  to  the  capacity  for  achieving  greater  levels  of 
reliability  early  in  the  life  cycle  of  aircraft  through 
aggressive  development  programs,  substantial  reliability 
growth  potential  is  present  during  the  in-service  and  produc- 
tion phases.  Where  continued  product  improvement  efforts  have 
been  applied,  significant  reductions  in  failure  or  removal 
rates  have  resulted.  An  integral  component  of  any  product 
improvement  program  is  a method  for  quickly  and  conclusively 
determining  the  most  beneficial  changes  that  could  be  incor- 
porated into  in-service  aircraft.  Program  managers  are  faced 
with  a variety  of  field  problems,  proposed  changes  and  pos- 
sible improvements  suggested  by  a multitude  of  sources.  Tl'ie 
proposed  cha-  s offer  a wide  range  of  benefits  and  incorpora- 
tion costs  within  the  framework  of  the  ever-shrinking 

defense  1 

There  i asing  awareness  that  high  system  reliability 

can  be  .ined  through  a growth  process  of  test-analyze-fi-x, 
which  is  repeated  through  the  system's  life  cycle.  As  the 
system  passes  through  the  design  and  development  phases  into 
full  production,  changes  become  increasingly  expensive  to 
make.  This  is  due  to  the  cost  of  retrofit  for  any  modification 
which  cannot  be  installed  at  the  time  of  production.  A choice 
is  involved  between  producing  kits  to  be  sent  out  to  the  field 
for  installation  on  all  the  aircraft  and  waiting  for  the  air- 
craft to  be  returned  for  overhaul  for  installation  of  the 
modified  part.  An  additional  alternative  is  to  allow  the 
system  t' > continue  operating  at  present  levels  with  its  associ- 
ated costs. 

In  the  past,  proposed  aircraft  modi fications  were  generally 
evaluated  based  on  the  number  of  failures  or  the  quantity  of 
manhours  spent  on  the  repair  of  a certain  part.  One  way  or 
another  a com.ponent  rose  toward  the  top  of  a problem  list  and 
began  receiving  attention.  Depending  on  the  seriousness  of  the 
problem  or  the  amount  of  funds  available,  the  item  was  chosen 
for  improvement,  and  an  engineering  change  proposal  was 
initiated.  In  some  cases,  a cost  analysis  was  done  to  show 
that  the  cost  of  redesign  and  incorporation  could  be  offset 
by  savings  later  on  through  decreased  removals  and  maintenance 
manhours  expenditures.  The  process  by  which  one  candidate  was 
chosen  over  another  was  not  always  rigorous  or  consistent. 
Furthermore,  the  resultant  changes  in  operational  effectiveness 
were  not  readily  quantified. 
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The  purpose  of  this  report  is  to  document  a general  technique 
for  evaluating  potential  modifications  to  existing  aircraft 
systems.  The  procedure  requires  background  analysis  and  the 
preparation . of  computer  program  input,  execution  of  the  program 
with  variation  of  the  input  parameters,  analysis,  interpretation 
and  display  of  the  results.  The  technique  permits  the  evalua- 
tion of  a proposed  change  in  the  context  of  a task  accomplish- 
ment structure;  that  is,  it  is  considered  in  light  of  the  air- 
craft's mission.  A potential  modification  is  compared  to  a 
baseline  configuration  to  quantify  the  effect  of  reliability 
and  maintainability  changes  on  availability,  utilization, 
fleet  size  and  cost.  The  technique  is  an  inexpensive  tool 
suitable  for  general  application  to  the  product  improvement 
decision-making  process. 
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UNDERSTANDING  PRODUCT  IMPROVEMENT 


Reliability  can  be  improved  by  increasing  the  lengtli  of  time 
that  a piece  of  hardware  \>/ill  operate  without  failing. 
Maintainability  can  be  upgraded  by  decreasing  the  length  of 
time  it  takes  to  perform  a maintenance  task  or  by  reducing  the 
number  of  men  required  to  perform  a repair,  both  of  which 
lower  total  maintenance  manhours.  Generally,  improving  R&M 
results  in  fewer  failures  and  maintenance  manhours,  and  a 
reduction  in  the  number  of  spare  parts  that  must  be  kept  in 
the  inventory.  All  of  this  equates  to  lower  cost.  Furthermore, 
since  the  aircraft  spends  less  time  in  the  hangar,  it  is  avail- 
able for  use  more  often  and  can  accumulate  more  flight  time. 
However  these  benefits  can  only  be  achieved  at  a price.  An 
improvement  in  R6M  has  a cost  and  this  must  be  offset  by  lower 
operating  costs  in  the  future  or  improved  operational  effective- 
ness. In  addition,  R&M  benefits  sometimes  carry  a penalty  of 
increased  weight  or  reduced  performance  which  must  also  be 
counterbalanced . 

OPERATIONAL  EFFECTIVENESS 

It  is  postulated  that  each  type  of  aircraft  has  a characteristic 
availability/utilization  relationship  associated  with  it. 
Availability  is  defined  here  as  the  percentage  of  calendar 
hours  in  a given  period  that  an  aircraft  is  not  undergoing 
maintenance.  For  example,  in  a 28-day  month  of  672  hours,  if 
the  aircraft  were  down  for  maintenance  67.2  hours,  it  would 
have  been  available  for  use  90%  of  the  time.  The  67.2  hours 
of  maintenance  were  generated  because  the  aircraft  flew  a cer- 
tain number  of  hours,  which  required  inspections  to  be  performed 
and  failures  to  be  repaired.  As  the  aircraft  flies  more,  it 
requires  more  maintenance  and  consequently  has  a lower  availa- 
bility percentage.  Anotlier  aircraft  type  with  better  R&M 
features  would  also  have  a characteristic  aval labi lity/uti lization 
relationship,  but  on  a higher  level.  This  concept  is  illustrated 
in  Figure  1,  with  the  first  aircraft  depicted  in  curve  A and 
the  second  represented  by  curve  B.  For  the  same  availability, 
aircraft  B achieved  more  flying  time  because  it  generated  less 
maintenance  per  flight  hour. 

Going  a step  further,  if  a series  of  these  curves  were  added 
to  Figure  1 for  various  levels  of  R&M  improvement,  one  could 
develop  a plot  of  increased  utilization  capability  as  a func- 
tion of  R&M  level  for  constant  availability.  This,  of  course, 
is  based  on  the  assumption  that  all  other  tilings  will  be  equal, 
such  as  number  of  mechanics,  tools  and  support  equipment. 

This  concept  is  illustrated  in  Figure  2.  As  can  be  seen, 
utilization  per  aircraft  increases  with  higher  levels  of 
reliability  and  maintainability. 
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If  better  R&M  permits  aircraft  to  achieve  more  flying  time, 
then  this  benefit  must  be  quantifiable  in  terms  of  the  air- 
craft operator's  resources.  Assume  that  a mission  is  defined 
that  requires  a fleet  of  aircraft  of  a certain  type  to  fly  7000 
hours  in  a month.  This  could  have  been  calculated  based  on 
the  loads  to  be  carried  and  the  capability  of  the  aircraft. 
Assume  further  that  this  type  of  vehicle  can  achieve  50  flight 
hours  per  aircraft  per  month  (FH/AC/MO)  at  a certain  desired 
availability  level.  Then  140  aircraft  would  be  needed  to  com- 
plete the  mission  (7000  hours  divided  by  50  hours  per  aircraft) . 
Now,  if  another  aircraft  with  better  R&M  could  achieve  70 
flight  hours  per  aircraft  per  month,  only  100  of  this  type  would 
be  needed.  Figure  3 illustrates  this  principle.  If  utiliza- 
tion per  aircraft  is  increased,  the  fleet  size  required  to 
perform  the  same  task  is  reduced. 

This  section  showed  how  the  relative  operational  effectiveness 
of  an  R&M  improvement  can  be  measured,  in  the  context  of  the 
program  described  in  this  report.  Better  R&M  can  result  in 
higher  aircraft  utilization  and  a smaller  fleet  size,  but, 
as  was  stated  previously,  not  without  cost. 


Figure  3.  Fleet  Size  Versus  Utilization 
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COST  EFFECTIVENESS 


In-service  aircraft  as  a group  generate  maintenance  at  a 
fairly  predictable  rate.  This  is  obvious  in  the  case  of 
scheduled  maintenance  and  inspections,  but  perhaps  less  so 
in  the  case  of  unscheduled  maintenance  or  failures.  Never- 
theless, as  experience  is  gained  and  the  fleet  accumulates 
hours,  it  becomes  apparent  that  many  components  continue  to 
fail  at  a constant  rate  over  the  life  of  the  aircraft.  This 
assumes  that  the  aircraft  are  past  the  infant  m.ortality  or 
early  failure  stage  and  have  not  yet  reached  the  wearout  phase. 
Consequently,  dollar  expenditures  are  accumulating  at  a con- 
stant rate  over  time.  At  some  point,  a recurring  component 
problem  may  be  identified  as  a candidate  for  modification, 
perhaps  because  it  is  a big  contributor  to  downtime,  because 
it  is  a high  cost  item,  or  because  its  failure  rate  is  getting 
worse.  Whatever  the  reason,  a decision  is  made  to  improve  the 
hardware  in  order  to  lower  the  total  operating  cost.  Obviously 
some  amount  of  investment  will  have  to  be  made,  to  design  the 
change,  test  and  qualify  it,  and  incorporate  it  into  the  fleet. 
Sometimes  new  tooling  is  required  to  produce  the  changed  parts. 
At  any  rate,  total  costs  are  going  to  be  higher  during  this 
period  than  they  would  have  been  if  no  improvement  had  been 
made.  This  is  because  the  old  parts  are  still  failing  and  being 
repaired  with  their  associated  costs  while  funds  are  being  spent 
on  developing  the  new  parts.  Gradually,  the  improved  parts  get 
incorporated  into  the  fleet,  and  the  benefits  of  the  higher 
reliability  start  to  accrue  in  the  form  of  reduced  operating 
cost.  Ultimately  when  all  of  the  old  parts  have  been  replaced 
by  the  modification,  total  costs  should  be  lower  than  they 
were  previously,  even  when  considering  the  investment  required. 
Figure  4 shows  the  process. 


Aircraft  In  Service 

Figure  4.  Product  Improvement  Process 
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Costs  are  constant  until  it  is  decided  to  improve  the  product, 
at  which  time  they  increase.  This  increase  continues  until 
fleet  incorporation  begins  when  some  payoff  starts  to  show  by 
way  of  lower  operating  costs.  This  is  where  the  curve  begins 
to  bend  over  in  Figure  4.  As  more  of  the  fleet  is  retrofitted, 
the  savings  are  increased.  The  curve  eventually  intersects 
the  constant  cost  line  of  the  "no  improvement"  case.  At  this 
point  the  cumulative  costs  of  both  programs  are  equal.  For 
the  improved  part  case,  this  is  the  break-even  point,  the  point 
at  which  investment,  costs  have  been  recovered  through  lower 
operating  costs.  From  here  on,  the  operation  of  the  fleet  is 
at  a lower  cost  than  could  have  been  achieved  by  not  making 
the  improvement. 

This  is  how  cost  effectiveness  can  be  measured.  The  "no 
improvement"  case  that  was  illustrated  was  for  constant 
operating  costs,  but  the  process  shown  is  even  more  applicable 
in  the  case  of  increasing  costs:  the  total  costs  of  alterna- 

tives can  be  compared  and  a break-even  point  can  be  calculated. 
Not  shown  here,  but  also  possible,  is  the  computation  of  a 
rate  of  return  on  investment  based  on  total  cost  savings. 

THE  PRODUCT  IMPROVEMENT  PROGRAM  EVALUATION  TECHNIQUE 


The  purpose  of  this  section  of  the  report  was  to  introduce 
the  concept  of  in-service  aircraft  modification  and  to  show 
which  parameters  are  important  in  deciding  whether  a product 
improvement  will  be  profitable.  Using  the  procedure  described 
in  this  report,  a potential  modification  to  an  aircraft  system 
can  be  evaluated  in  two  different  ways:  through  changes  in 

operational  effectiveness,  and  by  cost  analysis.  Operational 
measures  of  effectiveness  include  availability,  utilization 
and  fleet  size,  while  cost  parameters  include  investment, 
operational  cost,  net  present  worth,  rate  of  return  and  break- 
even point.  Furthermore,  this  is  achieved  within  the  confines 
of  a task  accomplishment  structure. 


THE  PRODUCT  IMPROVEMENT  PROGRAM  EVALUATION  COMPUTER  PROGRAM 
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This  section  of  the  report  describes  the  logic  and  flow  of 
the  computer  program  and  the  assumptions  that  underlie  the 
major  subroutines.  Also  included  are  a description  of  the 
data  requirements,  the  output  statistics,  and  the  analytical 
capability, 

PROGRAM  OPERATION 

Figure  5 is  a top-level  flowchart  of  the  first  half  of  the 
computer  program.  First,  a mission  is  described  in  terms  of 
the  cargo  to  be  carried  and  the  distance  to  be  travelled.  It 
may  be  the  generalized  daily  routine  mission,  or  it  may  be  a 
specialized  wartime  situation.  At  any  rate,  it  provides  the 
structure  within  which  changes  in  operational  effectiveness 
can  be  analyzed.  Second,  the  aircraft's  performance  charac- 
teristics are  described  in  terms  of  capacity  and  cruise  speed. 
The  computer  then  calculates  the  total  number  of  flight  hours 
needed  to  perform  the  mission  without  regard  to  the  number  of 
actual  aircraft  required.  The  flight  hours  are  used  later  to 
compute  the  necessary  number  of  aircraft.  Next,  the  computer 
program  digresses  temporarily  and  accepts  the  R&M  character- 
istics of  the  total  aircraft.  The  user  hypothesizes  a steady- 
state  utilization  rate,  and  using  classic  queueing  theory 
equations,  the  program  deriv^es  the  availability  level  associ- 
ated with  the  R&M  traits  and  utilization  input.  This  is  done 
for  the  baseline  configuration,  and  referring  to  Figure  5,  it 
can  be  seen  that  the  process  is  repeated  for  the  alternate. 

However,  when  the  queueing  section  of  the  program  is  used 
this  second  time,  the  availability  achieved  by  the  baseline 
design  is  held  constant,  and  the  computer  iterates  to  solve 
for  utilization  for  the  alternate.  Assuming  that  the  alternate 
configuration  either  fails  less  frequently  or  requires  fewer 
manhours  to  repair,  it  should  be  able  to  fly  more  often  and 
therefore  have  a higher  utilization.  At  this  point  then,  the 
computer  program  has  two  utilization  levels,  the  baseline  and 
the  alternate,  at  the  same  availability.  Dividing  flight 
hours  per  aircraft  (utilization)  into  total  flight  hours 
required  to  perform  the  mission  (calculated  earlier)  yields 
the  number  of  aircraft  or  the  fleet  sizes  necessary  for  tlie 
two  configurations  to  perform  the  mission.  Repeated  use  of 
the  queueing  routine  allows  utilization  to  be  held  constant 
and  the  availability  to  be  recalculated  for  the  alternate. 

Since  it  is  expected  that  the  R&M  characteristics  of  the 
alternate  are  better,  the  availability  of  the  alternate  should 
bo  higher  than  the  baseline.  Additionally,  fleet  sizes  can  bo 
hold  constant  with  botii  availability  and  utilization  being 
recalcu latod . 
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Figure  6 is  a top-level  flow  chart  of  the  rest  of  the  program, 
which  develops  the  cost  measures  of  effectiveness.  Operational 
costs  in  the  framework  of  this  technique  are  driven  by  the 
number  of  times  the  component  under  consideration  fails  and  is 
repaired  or  replaced.  The  number  of  failures  or  maintenance 
manhours  is  assumed  to  be  reduced  by  the  incorporation  of  the 
proposed  change  into  the  aircraft.  Therefore,  the  next  step 
is  to  input  the  retrofit  policy  or  schedule.  The  aircraft 
are  then  "flown"  for  the  number  of  months  or  years  under  con- 
sideration in  the  study,  and  the  number  of  failures  of  the 
old  and  new  items  are  computed.  In  the  baseline  situation, 
there  is  no  retrofit  policy,  and  the  component  is  allowed  to 
continue  failing  at  the  old  rate.  Next,  costs  associated 
with  repair  of  the  old  and  the  new  items  are  input,  including 
the  investment  required  to  procure  and  install  the  changed 
part.  Costs  are  accumulated  over  the  specified  life  cycle, 
are  discounted,  and  a rate  of  return  and  a break-even  point 
are  calculated. 

At  this  point  then,  the  two  sections  of  the  computer  program 
have  provided  cost  and  effectiveness  criteria  for  comparing 
one  possible  alternative  with  the  baseline  configuration. 

The  user  may  then  vary  his  input  to  discover  under  what  con- 
ditions the  alternate  can  be  made  more  attractive.  Perhaps 
he  should  accelerate  the  incorporation  rate  or  change  the 
design  to  make  it  more  reliable  or  easier  to  repair.  The  com- 
puter program  is  e.xecuted  again,  and  the  next  set  of  results 
are  compared  with  the  previous  output.  This  illustrates  one 
use  of  the  technique,  to  find  the  best  set  of  circumstances 
under  which  a cliange  may  be  cost  and  operationally  effective. 
Another  use  of  the  procedure  is  to  rate  competing  product 
improvement  candidates.  Each  one  is  optimized  separately 
against  the  baseline,  then  a comparison  of  the  proposals  can 
be  conducted  using  the  measures  of  effectiveness  output  from 
the  program.  Since  portions  of  the  output  are  by  year  over 
the  life  cycle,  the  program,  manager's  funding  constraints  can 
also  be  taken  into  account. 

DATA  REQUIREMENTS 

In  order  to  develop  the  data  required  for  the  technique  described 
here,  it  is  essential  that  the  user  understand  the  basic  assump- 
tions inherent  to  the  process.  We  are  talking  primarily  about 
a situation  where  a number  of  existing  aircraft  are  fielded  and 
operational,  and  an  R&M-af fecting  change  is  suggested  for  one 
of  the  aircraft's  components.  Two  questions  need  to  be  answered: 
how  will  the  change  impact  operational  capability  and  \diat  will 
the  not  cost  benefits  be.  Within  that  scenario,  it  is  possible 
to  hypothesize  a second  situation  where  now  aircraft  deliveries 
are  still  being  made  or,  at  the  extreme,  whore  no  deliveries 
have  been  made  at  the  time  of  analysis  but  the  aircraft  has  been 


developed.  This  third  application  was  not  the  main  purpose 
for  which  the  technique  was  developed,  but  in  most  instances 
it  can  still  be  applied.  Furthermore,  other  performance- 
impacting changes  may  be  assessed,  such  as  increased  speed  or 
payload,  but  the  main  thrust  is  in  appraising  reliability  and 
maintainability  alterations. 

It  must  be  remembered  that  the  whole  evaluation  takes  place 
within  the  framework  of  a predefined  aircraft  role.  Therefore, 
the  results  are  in  terms  of  a particular  configuration's 
ability  to  complete  its  assigned  mission. 

With  this  in  mind,  the  analytical  data  requisites  will  be 
generally  introduced  here.  First  is  the  task  to  be  accom- 
plished. It  is  expected  that,  in  the  majority  of  uses,  the 
proposed  change  will  be  to  a component  utilized  in  the  life 
cycle  mission  of  the  aircraft,  that  is,  the  application  for 
which  the  aircraft  was  designed.  If  the  analysis  concerns  a 
transport  aircraft,  then  cargo  or  troop  lift  missions  should 
be  described.  Secondly,  since  there  will  usually  already  be 
a fleet  of  aircraft  in  existence,  tlie  mission  should  be 
described  so  that  when  the  actual  aircraft  performance  capa- 
bility is  input  to  the  computer  program,  the  resultant  cal- 
culated fleet  size  will  be  about  the  same  as  that  which  truly 
exists.  In  this  way,  the  so-called  baseline  configuration 
output  statistics  will  represent  the  real-world  situation  that 
is  being  studied.  Likewise,  if  the  aircraft  system  has  an 
established  avai labi lity/uti lization  relationship,  the  inputs 
should  be  designed  and  the  program  executed  such  that  the 
established  relationship  is  reproduced.  In  this  regard  the 
computer  program  has  a "baseline  establishment  run"  feature, 
whereby  only  a portion  of  the  program  is  executed,  until  the 
user  is  satisfied  that  a good  foundation  exists  against  which 
to  compare  any  modifications. 

The  data  requirements  up  to  this  point  are  founded  on  a good 
understanding  of  the  aircraft  under  study  and  its  past 
experience:  the  basic  mission,  fleet  size,  number  of  seats, 

useful  payload,  cruise  speed,  MTBF,  MTTR,  NORS , NORM,  avail- 
ability and  flight  hours  per  aircraft  per  month.  For  the 
alternate  it  is  necessary  to  know  what  the  reliability,  main- 
tainability, and  performance  (payload,  speed)  effects  will  be; 
the  mission  remains  the  same. 

Next,  a method  for  incorporating  this  improvement  into  the 
aircraft  must  bo  devised.  The  information  needed  here  is  not 
as  rigid  since  the  user  may  wish  to  vary  the  implementation 
scheme  to  determine  the  most  cost-effective  schedule.  The 
options  available  to  the  user  are  to  have  the  change  put  in 
as  the  aircraft  are  being  delivered,  if  new  deliveries  are 
still  being  made,  or  to  have  the  modifications  installed  in 
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the  field.  If  installations  are  made  in  the  field,  they  may 
be  made  at  the  organizational  level  or  delayed  until  the  air- 
craft arrive  at  depot  level  for  repair  or  overhaul.  Since 
the  computer  program  accepts  a certain  quantity  per  month  as 
input  for  field  installation,  the  user  must  know  or  be  able 
to  estimate  the  rate  at  which  aircraft  arrive  at  the  depot 
level  if  this  is  the  policy  to  be  followed.  Through  the  use 
of  this  implementation  philosophy  and  the  components'  failure 
rates,  the  number  of  old  and  new  item  failures  are  computed. 
Following  this,  the  operational  costs  can  be  calculated.  To 
do  this,  the  average  parts  and  labor  costs  associated  with 
the  old  and  new  item  must  be  supplied  for  three  levels  of 
repair.  Other  costs  are  built  into  the  program  but  can  be 
changed  at  the  user's  discretion.  Finally,  the  user  must  be 
aware  of  the  investment  required  to  bring  about  the  change. 
This  includes  R&D,  investment  nonrecurring  and  investment 
recurring  costs.  This  is  where  the  costs  of  the  modification 
kits,  if  that  is  the  procedure,  are  tallied.  If  the  user  can- 
not estimate  investment  costs  at  this  time,  the  program  will 
do  it  for  him  based  on  operational  costs  and  their  relation- 
ship to  total  life  cycle  costs.  This  illustrates  another  use 
of  the  model:  in  addition  to  being  able  to  examine  the  cost 

and  effectiveness  of  a particular  program  given  that  all  the 
costs  and  benefits  are  known,  the  technique  can  also  be  used 
to  determine  what  funds  will  have  to  be  spent  to  get  a certain 
rate  of  return  given  that  the  user  only  knows  what  the  R&M 
improvements  are  and  not  the  cost.  This  can  be  done  by  para- 
metric variation  and  repeated  runs  of  the  program.  Since  the 
program  execution  time  is  on  the  order  of  5 to  30  seconds 
depending  on  the  computer  used,  this  is  a relatively  inexpen- 
sive process. 

Table  1 contains  a summary  of  the  input  data  required  for  the 
computer  program.  The  input  category  is  listed  along  with  n 
description  and  a notation  as  to  whether  the  information  is 
needed  separately  for  the  baseline  and  alternate  configura- 
tions, or  generally  for  application  to  both  cases. 

PROGRAM  OUTPUT 

Actual  reproductions  of  computer  output  are  not  shown  here 
but  are  fully  illustrated  in  the  appendix.  However,  specific 
items  of  output  are  summarized  in  a later  section  of  this 
report  where  test  cases  are  discussed.  The  purpose  of  the 
program  output  section  is  to  describe  the  output  statistics 
that  are  available  to  the  program  user. 


k. 
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TABLE  1. 

COMPUTER  PROGRAM  INPUT 

SUMMARY 

Category 

Description 

Requirement 

Mission  Description 

Passengers  and 
cargo  to  be  car- 
ried and  distance 
to  be  travelled. 

General 

Aircraft  Performance 
Characteristics 

Payload,  cruise 
speed,  number  of 
seats . 

Baseline/Alternate 

Aircraft  R&M 
Characteristics 

Mean  time  between 
maintenance,  mean 
time  to  repair. 

Baseline/Alternate 

Component  R&M 
Characteristics 

Maintenance  action 
rates  and  manhours. 

Baseline/Alternate 

Retrofit  Policy 

Incorporation  tech- 
nique and  schedule. 

Alternate 

Costs 

Operations  and  sup- 
port 

Baseline/Alternate 

Investment 

Alternate 

d 

The  initial  portions  of  output  from  the  computer  program  con- 
cern the  operational  measures  of  effectiveness.  The  total 
flight  hours  required  to  perform  the  mission  are  presented 
for  both  the  baseline  and  the  alternate  configurations.  If 
the  proposed  R&M  change  will  impact  the  cruise  speed  or  the 
payload  capacity  of  the  alternate,  then  the  alternate  will 
require  more  or  fewer  flight  hours  to  perform  the  mission. 
Next,  holding  availability  constant,  the  number  of  flight 
hours  per  aircraft  per  month  that  can  be  achieved  by  each 
configuration  are  shown.  Related  statistics,  such  as  total 
down  time  and  total  time  spent  waiting  for  men,  are  also 
computed.  Finally,  based  on  the  flight  hours  needed  to  com- 
plete the  mission  and  the  utilization  capability  of  the  air- 
craft, the  required  fleet  sizes  for  the  two  configurations 
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are  calculated  for  a constant  availability  level.  The  pro- 
gram also  displays  availability  and  fleet  size  for  a constant 
utilization,  and  availability  and  utilization  for  a constant 
fleet  size.  In  summary  then,  the  measures  of  effectiveness 
at  this  point  are  the  total  flight  hours  required  to  perform 
the  mission,  availability  and  utilization,  and  the  fleet 
sizes  for  both  the  baseline  and  alternate  aircraft.  It 
should  be  stated  here  that  such  operational  parameters  are 
rarely  sufficient  to  justify  a product  improvement  program. 
However,  in  a situation  where  a number  of  projects  have  equal 
merit  from  a cost  viewpoint,  yet  where  only  a few  can  be  funded, 
these  parameters  can  be  used  to  decide  which  ones  should  be 
chosen.  Obviously,  the  fact  that  the  alternate  con  figuration 
might  be  able  to  perform  the  mission  with  fewer  aircraft  does 
not  mean  that  the  Army  will  return  these  extra  aircraft  to 
the  contractor.  Nevertheless  it  does  provide  a measure  of 
effectiveness . 

The  program  next  goes  through  a month  by  month  process  of 
accumulating  hours  on  the  parts,  having  them  fail,  and  getting 
them  repaired.  In  the  alternate  case,  incorporations  of  the 
new  part  are  made  according  to  the  schedule.  The  result  is 
the  number  of  maintenance  actions  on  the  old  and  new  items  at 
the  three  levels  of  repair  for  the  baseline  and  alternate 
cases.  These  are  then  costed  out  in  the  next  subroutine. 
Additional  output  includes  the  number  of  spares  required  to 
support  the  described  operating  level  and  the  number  of  air- 
craft lost  due  to  attrition.  In  the  event  that  a program  is 
underway  in  which  new  aircraft  are  purchased  to  replace  those 
attrited,  this  number  can  be  compared  to  the  two  fleet  sizes 
generated  earlier  to  see  how  many  fewer  aircraft  need  to  be 
replaced  in  the  alternate  case.  Although  attrited  aircraft 
are  seldom  replaced  during  peacetime,  the  output  statistics 
are  there  for  each  user's  particular  application.  Likewise, 
a reduction  in  the  number  of  spares  required  may  be  of  little 
value  if  a fleet  of  components  and  spares  has  already  been 
purchased  and  there  is  no  provision  for  returning  the  spares 
to  the  contractor.  Since  policies  regarding  spares  and  the 
replacement  of  aircraft  can  vary  with  each  application,  these 
two  parameters  do  not  enter  into  the  costing  subroutine. 

The  number  of  maintenance  actions  on  the  old  and  new  items  at 
the  three  maintenance  levels  are  carried  over  into  the  next 
subroutine  for  the  baseline  and  alternate  cases  to  calculate 
the  costs  associated  with  these  repairs.  The  output  shows 
the  life  cycle  costs  of  operating  the  component  in  the  base- 
line configuration  according  to  the  categories  described  in 


21 


8 


AR37-18.^  Following  this,  the  yearly  cash  flow  is  shown, 
which  includes  the  annual  costs,  the  cumulative  costs,  and 
the  discounted  costs  for  both  cases.  The  break-even  point 
is  displayed,  and  to  demonstrate  the  effect  of  the  incorpora- 
tion schedule,  the  fleet  composition  of  old  and  new  parts  and 
the  resultant  operating  costs  are  shown  by  year.  Finally, 
based  on  the  present  value  of  the  life  cycle  cash  flow,  a 
true  rate  of  return  on  the  investment  is  computed. 

ANALYTICAL  CAPABILITY 

As  was  stated  previously,  the  computer  program  described  in 
this  report  represents  a technique  for  examining  the  cost  and 
operational  effectiveness  of  a proposed  aircraft  improvement. 
In  a more  universal  sense,  it  is  a tool  that  can  be  used  to 
solve  for  an  optimum  life  cycle  cost-effective  R6cM  level. 
Figure  7 illustrates  the  classic  economic  principle  of  the 
marginal  rate  of  return.  It  is  the  relationship  between  the 
marginal  increment  of  input  to  output. 


R&M 


Figure  7 . Cost  Effective  R&M 


The  top  curve,  which  is  the  total  life  cycle  cost,  is  merely 
the  sum  of  the  investment  and  O&M  costs.  It  is  reasoned  that 
higher  investment  is  required  to  achieve  better  levels  of  R&M, 
and  improved  R&M  results  in  lower  operating  cost.  However, 
according  to  the  law  of  diminishing  returns,  higher  levels  of 
R&M  become  increasingly  more  expensive  to  achieve,  until 
eventually  there  is  no  life  cycle  cost  benefit,  and  in  most 
cases,  life  cycle  costs  will  increase.  In  the  case  of  product 


'^Army  Regulation  Number  37-18,  WEAPON/SUPPORT  SYSTEMS  COST 
CATEGORIES  AND  ELEMENTS,  Headquarters  Department  of  the 
Army,  Washington, ■ D.C . , October  1971. 
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improvement  programs,  better  R&M  levels  can  be  achieved  by- 
investing  more  money  in  the  design  or  testing  of  potential 
candidates  or,  after  the  improvement  is  designed,  by  acceler- 
ating its  incorporation  into  the  fleet.  in  other  words,  it 
may  cost  more  to  get  the  new  component  into  the  fleet  quickly, 
but  the  benefits  of  the  improvement  begin  sooner. 

Parametric  Analysis 

By  varying  certain  of  the  computer  program  inputs,  the  user 
can  decide  either  the  best  way  to  implement  a particular 
product  improvement  or  choose  among  competing  candidates. 
Obviously,  the  first  set  of  parameters  to  be  changed  are  the 
MTBFs  at  the  three  maintenance  levels  and  the  MTTRs . Altering 
these  inputs  will  change  the  availability /uti lization  relation- 
ships and  possibly  fleet  size  for  analyzing  operational  effective- 
ness, and  will  change  the  number  of  maintenance  actions  per- 
formed and  manhours  for  examining  cost  impact.  The  user  should 
have  some  idea  of  what  investment  costs  are  necessary  to 
change  RStM,  but  the  program  will  estimate  investment  costs  if 
they  are  unknown. 

The  second  major  area  for  parametric  analysis  is  in  the 
incorporation  philosophy.  The  modification  schedule  is  of 
prime  importance,  since  no  benefit  can  be  achieved  until  the 
modifications  have  been  made  to  the  aircraft.  The  sooner  the 
new  parts  are  installed,  the  sooner  the  overall  R&M  level  will 
improve.  Naturally,  it  is  expected  that  quicker  kit  produc- 
tion and  installation  will  cost  more.  The  concept  is  illus- 
trated in  Figure  8. 


BASELINE 

ALTERNATE  1 
ALTERNATE  2 


Figure  8.  Cumulative  Cost  of  Alternate 
Incorporation  Schedules 
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One  curve  shows  the  cum  cost  of  continuing  to  operate  the 
baseline  configuration.  The  other  two  curves  show  the  cost 
of  changing  the  aircraft.  Both  of  these  are  lower  than  the 
baseline  and  are  viable  programs;  however,  they  differ  in 
their  change  incorporation  procedure.  Alternate  1 would 
install  the  change  at  overhaul;  Alternate  2 would  send  kits 
out  to  the  field  for  immediate  implementation.  Although 
Alternate  2 costs  more  than  Alternate  1 in  the  early  stages 
of  the  program,  in  the  long  run  it  is  less  expensive.  It 
could  be  that  funds  are  not  available  in  the  early  part  of 
the  program,  but  this  is  an  example  of  the  kind  of  analysis 
v^;hich  can  be  done  by  varying  the  schedule  of  change  incorpora- 
tion. 

These  two  items,  R&<M  and  modification  incorporation  schedule, 
are  the  two  main  areas  for  sensitivity  analysis,  but  there 
are  also  many  minor  changes  that  can  be  examined  in  the  cost 
input  sections.  Perhaps  a new  manufacturing  technique  or 
new  materials  can  be  used  to  lower  the  value  of  parts  con- 
sumed at  the  depot  level.  This  can  be  checked  for  its  cost 
benefit  by  changing  the  appropriate  input  card.  Likewise, 
maybe  a less  skilled  (and  less  expensive)  mechanic  can  perform 
the  repair.  To  analyze  this,  merely  change  the  labor  rate. 

In  any  case,  the  model  is  flexible  enough  to  examine  almost 
any  cost-reducing  or  operations-improving  change. 

Cost  Analysis 

One  of  the  most  useful  areas  of  the  cost  output  is  in  the 
operating  cost  section.  If  a particular  product  improve- 
ment is  not  yielding  a satisfactory  rate  of  return  or  is  not 
saving  as  much  money  as  was  originally  thought,  a simple 
examination  of  the  operating  cost  section  will  show  which 
categories  are  the  high  cost  contributors.  The  user  can 
then  backtrack  and  decide  what  must  be  done  to  remedy  the 
situation.  For  example,  if  depot  maintenance  was  found  to 
be  a high  cost  contributor,  the  program  user  could  change 
the  inputs  to  the  program  in  an  effort  to  lower  depot  mainte- 
nance costs.  The  user  could  hypothesize  an  improvement  in 
depot  level  MTBR  and  change  this  input  to  reduce  the  number 
of  components  to  be  repaired  at  depot.  Other  options  avail- 
able are  to  reduce  the  cost  of  parts  consumed  at  depot,  reduce 
the  maintenance  manhours  required  for  repair,  or  lower  the 
cost  of  people  working  on  the  component  at  that  level.  Any 
or  all  of  these  would  result  in  a decrease  in  depot  mainte- 
nance costs. 

The  cash  flow  output  by  year  has  many  applications.  For 
example,  the  annual  costs  of  competing  projects  can  be  plotted, 
along  with  budget  constraints,  as  an  aid  in  deciding  which  can 
be  satisfactorily  funded.  This  concept  is  illustrated  in 
Figure  9. 
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Figure  9 . Alternate  Project  Cash  Plows 


The  output  can  also  be  used  to  show  the  break-even  point, 
which  is  the  year  in  which  all  the  investment  costs  have  been 
recovered  in  reduced  operating  costs.  This  point  will  be 
different  when  discounting  has  been  applied,  due  to  the  reduc- 
tion in  value  of  future  cash  flows  to  their  present  value. 
Since  product  improvement  programs  require  investment  capital 
in  the  early  years  of  program  life  and  since  discounting 
factors  in  the  early  project  years  are  higher  than  in  later 
years,  discounting  will  generally  push  the  break-even  point 
out  further  than  when  using  actual  cash  flow.  Nevertheless, 
discounting  is  the  recommended  DOD  procedure. 


Another  figure  of  merit  from  this  section  of  output  is  the 
true  rate  of  return  on  investment.  This  figure  is  most  rele- 
vant when  available  funds  for  investment  are  constrained.  In 
this  situation,  the  program  manager  wants  to  know  how  he  can 
best  invest  his  money,  and  this  is  the  appropriate  statistic. 
However,  in  the  situation  where  available  money  is  relatively 
unlimited  or  within  a limited  range,  the  difference  in  life 
cycle  cost  between  baseline  and  alternate  must  be  considered. 
For  example,  two  competing  projects  may  have  rates  of  return 
of  10%  and  20%.  The  logical  choice  would  seem  to  be  the 
latter.  However,  this  could  be  a relatively  minor  aircraft 
modification,  simple  to  design  and  install  (keeping  invest- 
ment cost  low),  and  having  a relatively  small  total  cost 
benefit  but  a high  rate  of  return.  The  first  project  could 
represent  the  solution  to  a major  aircraft  problem.  It  may 
have  high  investment  costs,  causing  the  project  to  have  a 
lower  rate  of  return,  but  have  significantly  higher  total  cost 
savings  than  the  other  candidate.  If  the  manager  is  not 
limited  in  his  budget  and  could  afford  the  investment  for 
either  one,  then  ho  shovald  consi  ler  the  one  with  the  lower 
rate  of  return. 
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TEST  CASES 
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In  order  to  demonstrate  the  program  and  illustrate  some  of 
the  ways  that  it  can  be  applied,  a number  of  test  cases  were 
developed  and  run  through  the  model.  Generally,  these  cases 
utilized  all  of  the  major  features  of  the  program.  Two 
of  the  cases  dealt  with  an  aircraft  in  the  inventory,  the 
CH-47,  and  one  was  concerned  with  a development  aircraft,  the 
UII-6LA.  Maintenance  was  performed  at  all  levels,  fleet  sizes 
wore  v'ariod,  and  different  incorporation  schedules  were  tested. 
It  should  bo  pointed  out  that  R&M  and  cost  input  data  used  in 
the  test  cases  was  based  on  best  estimates  of  the  engineers 
and  other  personnel  involved.  As  such,  the  results  shown  in 
this  section  should  not  be  construed  as  the  absolute  indica- 
tion of  the  effectiveness  of  the  product  improvements  dis- 
cussed. The  purpose  of  the  test  cases  was  to  demonstrate  the 
program,  and  a true  product  improvement  evaluation  would  re- 
quire a more  rigorous  definition  of  input  prior  to  execution 
of  the  program. 

CII-47  Rainshield  Stiffener 

t The  Chinook  rainshield  is  mounted  on  the  rotor  shaft  under 

the  rotor  head,  and  its  purpose  is  to  cover  and  protect  the 
rotor  controls,  actuators  and  swashplate  assembJies.  It 
provides  an  aerodynamic  flow  and  keeps  rain  from  entering 
the  aircraft  interior.  A few  years  ago,  an  ECP  (Engineering 
Change  Proposal)  was  submitted  to  correct  a recurring  fatigue 
problem,  which  manifested  itself  in  the  form  of  cracks  in  the 
rainshield  stiffener,  an  integral  part  of  the  rainshield. 

To  reduce  fatigue  failure  the  proposed  new  stiffener  was  the 
same  as  the  old  one  except  that  material  would  be  shotpoened 
stainless  steel  instead  of  the  original  ALCLAD  (aluminum) . 

The  standard  repair  of  cracks  in  the  stiffener  was  to  rivet 
a patch  over  the  cracked  area.  Although  this  was  simple  and 
inexpensive,  it  resulted  in  a lot  of  down  time  and  consumption 
of  maintenance  manhours,  since  the  task  required  removal  of 
the  rotor  head.  Removal  of  the  Chinook  rotor  head  was  estimated 
to  consume  about  8.5  maintenance  manhours. 

The  first  step  in  the  product  improvement  analysis  was  to 
establish  a baseline  against  which  to  compare  the  proposed 
change.  The  modification  was  to  be  considered  only  for  the 
CH-47C  model  aircraft;  therefore  historical  data  on  this 
model  was  examined  to  determine  the  appropriate  operational 
parameters.  Aircraft  mean  time  between  maintenance  (MTBM) 
for  all  causes  was  .7505  hour  and  moan  time  to  repair  (MTTR) 
was  2.15  hours.  A representative  sample  of  Vietnam  field 
experience  revealed  an  availability  level  of  about  74%  at 
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50  hours  per  aircraft  per  month  utilization.  Using  the  MTBM, 
MTTR  and  utilization  described  above  as  input,  varying 
the  crew  size  eventually  yielded  an  availability  level  of 
73.5%.  This  was  considered  to  be  an  acceptable  baseline. 

The  organizational  level  mean  time  between  failures  for  the 
rainshield  stiffener  was  expected  to  improve  from  206  hours 
to  293  hours.  This  resulted  in  a change  in  aircraft  MTBM  to 
.7513  hours  and  a change  in  MTTR  to  2.05  hours.  Holding 
availability  constant  at  the  baseline  level  yielded  a new 
utilization  capability  of  53  hours  pe’r  aircraft  per  month. 
These  figures  can  be  seen  in  Table  2.  A monthly  mission 


TABLE  2.  CH-47 

RAINSHIELD  STIFFENER 

1 1 

Baseline 

Alternate 

Component  MTBF  Hours 

206 

293 

Component  MTBR  - AVIM 

- 

- 

Component  MTBR  - Depot 

— 

- 

Aircraft  MTBM  Hours 

.7505 

.7513 

Aircraft  MTTR  Hours 

2.15 

2.05 

Availability 

73.5% 

73.5% 

Uti lization 

50.0 

53,0 

Flight  Hours  Required  to  do 

Mission  9849 

9853 

Fleet  Size  to  do  Mission 

197 

186 

Total  O&M  Cost 

$662163 

$500558 

O&M  Cost  Savings 

- 

161605 

Cost  to  Improve  (Investment) 

— 

90990 

Net  Cost  Saving 

- 

70615 

True  Rate  of  Return 

- 

,81% 

Break-Even  Point 

- 

12  Years 

was  defined  such  that  when  the  flight  hours  required  to  do 
the  mission  (9849)  were  divided  by  the  baseline  utilization 
(50) , the  resultant  baseline  fleet  size  would  bo  the  same  as 
the  number  of  aircraft  in  the  inventory,  about  197.  Since 
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the  now  rainshield  stiffeners  increased  aircraft  weight  by 
7 pounds,  payload  was  reduced  by  that  much,  therefore  requir- 
ing a few  more  flight  hours  to  perform  the  mission  (9853). 

When  this  was  divided  by  the  new  utilization  (53)  the  fleet 
size  necessary  to  perform  the  mission  in  the  alternate  con- 
figuration was  reduced  to  186  aircraft.  This  was  the  opera- 
tional measure  of  effectiveness:  the  capability  of  performing 

the  same  mission  in  the  same  time  frame  with  11  fewer  aircraft. 

The  second  half  of  the  process  was  to  evaluate  the  cost  effec- 
tiveness of  the  change.  For  both  the  baseline  and  alternate 
cases,  a 15-year  life  cycle  was  assumed.  During  this  time 
utilization  was  10  hours  per  aircraft  per  month,  except  for 
2 periods  of  3 years  and  2 years  respectively,  when  a surge 
situation  of  50  hours  per  aircraft  per  month  was  hypothesized. 
Maintenance  manhours  per  repair  was  8.9,  and  material  con- 
sumed was  valued  at  ?5.00  per  repair.  Finally,  it  was  assumed 
that  at  the  start  of  the  analysis  there  were  148  aircraft  in 
the  fleet  with  WO  more  to  be  delivered  at  the  rate  of  2 per 
month.  Upon  running  the  program,  there  were  7781  repairs  of 
the  old  rainshield  stiffener  over  15  years  at  a total  O&M 
(operations  and  maintenance)  cost  in  excess  of  $600,000,  as 
, shown  in  Table  2. 

In  the  alternate  case,  it  was  assumed  that  new  stiffeners 
would  be  available  at  the  beginning  of  the  second  year,  that 
new  aircraft  delivered  would  have  the  new  stiffener,  and  that 
the  rest  of  the  aircraft  in  the  field  would  be  retrofitted  at 
a rate  of  18  per  month.  For  the  15  year  period,  there  were 
5882  repairs  of  old  and  new  stiffeners  at  a total  O&M  cost 
of  about  $500,000.  Table  2 shows  that  the  O&M  cost  savings 
minus  the  investment  costs  yielded  a net  cost  savings  of  $70,605. 
It  took  12  years  for  investment  costs  to  be  recovered,  and  the 
true  rate  of  return  was  .81%.  The  true  rate  of  return  is  based 
on  the  present  value  of  the  cash  flow  over  the  life  cycle  and 
is  calculated  using  the  following  equation: 3 

I TRR(%)  = PVB-PVA  X IQO 

' IN 

where  PVB  = total  present  value  of  cash  flow  for  the  baseline 
PVA  = total  present  value  of  cash  flow  for  the  alternate 
j I = total  investment  (discounted) 

' N = project  life 


Rose,  J.,  ECONOMIC  ANAEYSIS  FOR  RELIABILITY  AND 
MAINTAINABII,TTY  TRADES,  The  Boeing  Commercial  Airplane 
Company,  Seattle,  Washington,  Boeing  Document  D6-22972  TN-1 
May  1975. 
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This  is  an  annual  rate,  and  since  the  discount  rate  used 
was  10%,  the  true  rate  of  return  represents  a return  over 
and  above  the  10%. 

This  process  yielded  the  second  half  of  the  output,  the  cost 
measure  of  effectiveness.  It  should  be  remembered  that, 
although  the  program  is  run  from  start  to  finish  as  a single 
entity,  the  two  parts  are  distinct.  The  fact  that  operations 
could  be  conducted  using  11  fewer  aircraft  did  not  cause  11 
fewer  aircraft  to  be  retrofitted.  Furthermore,  the  operational 
analysis  was  done  at  the  higher,  wartime  utilization  of  50 
hours,  while  the  costs  were  computed  for  a peacetime/wartime 
scenario.  No  sensitivity  analysis  was  performed  in  this  test 
case,  but  one  will  bo  shown  in  the  n-  ; . one. 

CH-47  Fuel  Pods 

A recent  field  survey  revealed  a low  MTBF  and  a low  MTBR  to 
scrap  for  the  Chinook  fuel  pods.  The  skin  of  the  present 
configuration's  fuel  pods  is  a thin  aluminum  sandwich  which  is 
subject  to  damage  in  the  maintenance  and  operational  environ- 
ment. Cracks  and  punctures  develop  in  the  skin,  in  which 
moisture  accumulates  causing  corrosion  and  voids  between  the 
metal  layers.  Althougli  many  of  the  repairs  can  be  made  on 
the  aircraft,  a large  number  of  pods  are  removed  for  repair 
and  have  to  be  scrapped.  The  proposed  remedy  for  the  problem 
consists  of  replacing  the  old  pods  with  new  ones  of  composite 
construction  with  a nomex  core,  which  would  eliminate  corro- 
sion. The  new  pods  would  also  have  a high  degree  of  resistance 
to  the  type  of  damage  previoulsy  experienced.  In  addition,  it 
is  estimated  that  the  new  pods  could  be  acquired  at  about  85% 
of  the  cost  of  the  old  ones. 

A test  case  was  set  up  and  run  through  the  computer  program. 

The  results  revealed  a net  saving  of  $2.8  million  over  the 
20-year  life  cycle.  However,  before  the  run  was  made,  it 
was  intuitively  felt  that  the  benefit  would  be  higher  than 
that.  It  was  decided  to  run  the  program  again  with  a different 
incorporation  schedule.  The  first  time  through,  the  entire 
fleet  (361  aircraft)  was  retrofitted  at  a rate  of  3 aircraft  or 
18  pods  per  month.  This  required  the  acquisition  of  361  sets  of 
fuel  pods.  In  the  second  case,  it  was  assumed  that  the  new  pods 
would  be  installed  only  when  the  old  ones  wore  removed  and  scrap- 
ped, a rate  of  about  9 pods  per  month.  This  required  the  ac- 
quisition of  only  184  sets.  Table  3 shows  the  results  of  the 
second  run. 


TABLE  3.  CH-47  FUEL  PODS 

Baseline 

Alternate 

Component  MTBF  Hours 

50 

400 

Component  MTBR  - AVIM 

- 

- 

Component  MTBR  - Depot  (scrap  rate) 

1975 

★ 

Aircraft  MTBM  Hours 

.7505 

.7605 

Aircraft  MTTR  Hours 

2.15 

2,13 

Avai labi li ty 

73.5% 

73.5% 

Uti lization 

50,0 

51.3 

Flight  Hours  Required  to  do  Mission 

18055 

18055 

Fleet  Size  to  do  Mission 

361 

352 

Total  O&M 

$35, 7M 

$ 2 , 2M 

O&M  Cost  Savings 

- 

33.5m 

Cost  to  Improve  (Investment) 

1 

— 

13 .8M 

Net  Cost  Saving 

- 

19.7 

True  Rate  of  Return 

- 

7 . 1% 

Break-Even  Point 

- 

8 Years 

*Estimated  at  100,000  hours,  but 

for  program 

purposes 

it  was  assumed  it  would  not  bo  : 

L — 

scrapped . 

The  change  in  organizational  level  MTBF  from  50  hours  to  400 
hours  improved  the  aircraft  MTBM  from  .7505  hours  to  ,7605 
hours.  At  73.5%  availability,  the  alternate  configuration 
achieved  51.3  flight  hours  per  aircraft  per  month  as  compared 
to  the  50  hours  per  month  achieved  by  the  baseline.  The  fleet 
sizes  required  to  perform  the  mission  were  361  aircraft  for 
the  baseline  and  352  aircraft  for  the  alternate.  Total  06cM 
cost  of  the  baseline  was  $35.7  million  and  included  the  replace- 
ment of  over  2,000  spare  pods.  For  the  alternate,  O&M  costs 
were  $2.2  million;  however  an  additional  $13,8  million  was 
spent  to  develop  ($.5  million)  and  acquire  tlio  now  pods.  In 
the  alternate  scenario,  1,104  old  pods  were  replaced  by  new  ones. 
The  net  cost  saving  over  the  life  cycle  was  $19.7  million,  the 
true  rate  of  return  was  7,1%,  and  the  break-even  point  was  8 
years , 
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This  case  illustrated  how  sensitivity  analyses  can  be  per- 
formed using  the  program.  With  the  fuel  pods,  due  to  the 
nature  of  the  scrap  rate  it  was  more  profitable  to  wait  for 
the  old  pods  to  be  scrapped,  than  to  retrofit  the  fleet. 

In  other  cases  or  circumstances  it  could  be  more  effective 
to  install  the  changed  part  at  a rapid  rate.  It  should  be 
remembered  that  the  purpose  of  the  fuel  pod  example  was  to 
demonstrate  the  computer  program,  not  to  advocate  a product 
improvement  program.  Data  used  in  the  example  was  based  on 
the  best  estimates  available  at  the  time. 

UH-61  FM  Homing 


This  test  case  shows  how  the  model  can  be  used  for  analyses 
concerning  aircraft  that  have  been  developed  but  have  not 
yet  gone  into  production.  In  the  UTTAS  aircraft,  both  the 
pilot  and  copilot  radios  had  FM  homing  capability.  The 
radios  shared  a single  antenna  by  way  of  two  coaxial  relays 
and  related  wiring.  A design- to-cost  analysis  was  performed, 
and  it  was  decided  to  take  away  the  FM  homing  capability  of 
one  radio  by  eliminating  the  coaxial  relay  setup  and  tieing  the 
other  radio  directly  into  the  antenna.  Using  data  generated 
from  this  analysis,  a product  improvement  computer  run  was 
made.  The  results  of  this  run  are  shown  in  Table  4. 

A new  mission  was  developed  to  represent  the  UTTAS  operating 
scenario  of  69  hours  per  aircraft  per  month.  As  can  be  seen 
from  the  Table,  with  an  MTBM  of  1,9  hours  and  an  MTTR  of 
.85  hour,  an  availability  level  of  85,9%  was  achieved.  This 
included  a constant  NORS  (not  operationally  ready-supply) 
rate  of  10%,  whereas  the  Chinook  runs  used  7%.  Considering 
the  utilization  capability  and  the  flight  hours  required  to 
perform  the  mission,  a fleet  of  1,107  aircraft  was  needed, 
thereby  representing  the  true  UTTAS  procurement  planning. 

Based  on  the  radio  system's  reliability  parameters  and  repair 
costs,  O&M  costs  for  the  20-year  life  cycle  were  $14.2  million. 
Eliminating  the  second  radio's  FM  homing  capability  decreased 
the  frequency  of  repair  at  all  three  maintenance  levels.  The 
change  from  an  organizational  level  MTBF  of  94  hours  to  134 
hours  caused  an  increase  in  utilization  capability  of  about 
.4  hour  per  aircraft  per  month.  This  resulted  in  a reduction 
in  fleet  size  required  to  perform  the  mission  to  1,100  air- 
craft. It  is  obvious  that  this  measure  of  effectiveness  has 
greater  value  in  the  preproduction  phase  of  the  procurement 
process.  O&M  costs  were  reduced  by  $4.5  million  to  $9,7  million. 
Since  the  change  in  the  system  was  to  be  made  prior  to  produc- 
tion and  no  kits  or  retrofitting  were  involved,  investment 
costs  were  minimal,  at  $1,862,  mostly  for  drawing  changes. 

Because  investment  was  so  low,  the  net  cost  saving,  the  rate 
of  return  and  the  break-even  point  are  not  even  shown  here. 
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TABLE  4.  UH-61  FM 

HOMING 

Baseline 

Alternate 

Component  MTBF  Hours 

94 

134 

Component  MTBR  - AVIM 

99 

145 

Component  MTBR  - Depot 

2000 

2900 

Aircraft  MTBM  Hours 

1.900 

1.912 

Aircraft  MTTR  Hours 

.850 

.850 

Avai labi lity 

85 . 9% 

85.9% 

Uti lization 

69.00 

69.42 

Flight  Hours  Required  to  do  Mission 

76391 

76391 

Fleet  Size  to  do  Mission 

1107 

1100 

Total  O&M  Cost 

$14,2M 

$9.7M 

O&M  Cost  Savings 

— 

4.5M 

Cost  to  Improve  (Investment) 

— 

1862 

Net  Cost  Saving 

- 

- 

True  Rate  of  Return 

- 

- 

Break-Even  Point 

- 

- 

It  was  intuitively  obvious  that  this  case  would  be  a cost 
effective  change,  but  the  operational  benefits  were  not  as 
apparent  prior  to  running  the  program.  In  addition,  it  shows 
another  side  of  the  model.  In  this  situation,  the  entire  air- 
craft delivery  process  was  simulated  in  order  to  calculate 
the  number  of  expected  failures  over  the  life  cycle. 


Earlier  in  this  report,  several  areas  were  noted  as  likely 
candidates  for  sensitivity  analyses.  These  were:  the  R&M 

inputs,  the  product  improvement  incorporation  schedule,  and 
parameters  from  the  O&M  cost  output.  An  additional  area  is 
the  aircraft  utilization  level.  Use  of  the  model  revealed 
that  what  may  be  a cost  and  operationally  effective  product 
improvement  at  50  hours  per  aircraft  per  month,  may  have 
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little  or  no  payoff  at  10  or  20  hours  per  month.  Successive 
runs  of  the  model  can  enable  the  user  to  determine  the  aircraft 
usage  level  at  which  a change  is  profitable.  Finally,  in  the 
past  certain  ratios  of  cost  savings  to  investment  have  been 
used  by  program  managers  as  a criteria  for  approval  of  product 
improvement  programs.  Ratios  of  4 or  6 to  1 have  been  mentioned. 
It  is  felt  that  this  criteria  was  used  in  response  to  a general 
lack  of  confidence  in  cost  estimates  used  as  justification 
for  PIP'S.  However,  using  the  technique  described  in  this 
report,  such  high  ratios  should  no  longer  be  required.  Since 
the  calculation  of  the  true  rate  of  return  takes  into  account 
a discount  rate  of  10%,  anytime  a PIP  analysis  results  in  a 
positive  rate  of  return,  it  represents  a higher  rate  of  return 
on  investment  than  that  which  could  be  had  by  not  making  the 
change.  This  is  not  to  say  that  every  PIP  in  this  category 
should  be  accepted,  since  there  are  cases  of  high  technical 
risk,  but  the  technique  presented  in  this  report  does  represent 
a more  rigorous  approach  than  that  which  was  used  in  the  past. 
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CONCLUSIONS 


This  report  introduced  a new,  integrated  technique  for  evalu- 
ating potential  aircraft  modifications.  The  approach  is  the 
execution  of  a computer  program  that  measures  the  cost  and 
operational  effectiveness  of  reliability  and  maintainability 
improvements  within  a task  accomplishment  structure.  It  can 
be  effectively  used  in  three  ways.  First,  it  can  be  employed 
to  evaluate  the  profitability  of  a product  improvement.  Second, 
it  can  be  used  to  optimize  a candidate  product  improvement  pro- 
gram. This  can  be  achieved  by  varying  the  R&M  improvement 
level,  varying  the  incorporation  policy  and  schedule,  and 
analyzing  the  O&M  cost  output.  Finally,  the  technique  can  be 
used  to  help  choose  among  competing  product  improvement  programs, 
by  comparing  their  respective  cost  and  operational  measures  of 
effectiveness . 

The  model  is  not  confined  to  the  applications  discussed  in  the 
report  but  is  limited  only  by  the  particular  application  of  the 
user  and  his  experience  with  the  program.  Although  the  model 
had  not  been  widely  used  at  the  time  of  the  writing  of  this 
report,  it  is  felt  that  little  or  no  changes  to  the  program 
will  be  required;  nevertheless,  it  was  designed  to  be  quickly 
and  easily  modified  should  additional  capabilities  be  desired. 
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REC  OMMENDAT IONS 


Based  on  the  results  of  this  study,  it  is  reconunended  that  the 
technique  described  in  this  report  be  used  by  program  managers 
and  product  improvement  analysts  in  the  evaluation  of  R&M 
affecting  product  improvements.  The  technique  represents  an 
approach  more  rigorous  than  some  that  have  been  used  in  the 
past  and  will  enable  PIP  decision-making  to  be  more  accurate 
than  previously  possible. 

It  is  further  recommended  that  additional  work  be  considered 
in  the  evaluation  of  other  areas  of  product  improvement,  such 
as  performance,  safety  and  increased  mission  capability. 
Finally,  a feedback  process  should  be  initiated  involving  the 
users  of  the  model  to  ensure  that  the  requirements  of  the 
users  are  being  met,  and  to  identify  any  areas  of  desired 
additional  capability. 


APPENDIX  A 


PROGRAM  DOCUMENTATION 


This  section  of  the  report  provides  computer  program  documenta- 
tion for  the  Product  Improvement  Program  Evaluation  (PIPE)  model 
described  earlier.  It  includes  a description  of  the  problem 
and  method  of  solution;  a list  of  equations  used;  definition  of 
input  and  output;  and  listings  of  the  source  deck,  sample  input, 
and  output  results  from  the  sample  input. 

DESCRIPTION  OF  THE  PROBLEM 

A technique  was  required  which  could  evaluate  the  cost  and  oper- 
ational effectiveness  of  planned  aircraft  modifications.  The 
proposed  changes  to  be  examined  were  of  the  type  which  affect 
reliability  and  maintainability.  The  analysis  was  to  be  per- 
formed in  the  context  of  a pre-defined  mission,  with  operational 
measures  of  effectiveness  included  in  the  output.  The  program 
was  also  to  consider  means  of  incorporating  the  change  into  the 
aircraft  fleet,  and  allow  cost  analysis  among  the  various  cost 
categories.  The  complexities  involved  in  the  calculation  of 
availability  through  the  use  of  queueing  equations,  plus  the 
iterative  process  needed  to  compute  yearly  costs,  made  a com- 
puter program  the  logical  method  for  solving  the  problem. 

METHOD  OF  SOLUTION 

The  computer  program  which  was  developed  compares  a baseline 
conf iguration  with  an  alternate.  It  consists  of  a main  program 
and  four  major  subroutines.  Each  configuration  goes  through 
all  four  subroutines,  and  the  main  program  uses  results  from 
these  to  calculate  certain  measures  of  effectiveness.  The 
first  subroutine,  MISHIN,  determines  how  many  flight  hours 
would  be  required  for  each  configuration  to  complete  the  des- 
cribed mission.  Subroutine  QUEUE  computes  availability/ 
utilization  relationships  for  the  baseline  and  alternate,  and 
the  main  program  combines  the  results  of  these  first  two  sub- 
routines to  develop  the  fleet  size  required  by  each  configura- 
tion to  perform  the  mission.  The  third  subroutine,  INCORP, 
accepts  the  incorporation  schedule  for  the  changed  component 
and  models  the  use  of  the  item  throughout  its  life  cycle.  In 
the  case  of  the  baseline  no  retrofit  schedule  is  used,  and  the 
program  flies  the  components  without  change.  Based  on  the 
number  of  items  which  fail  in  this  subroutine,  the  last  sub- 
routine, ZCOST,  calculates  the  costs  of  repairing  and  replacing 
the  components  in  both  cases.  Finally,  the  main  program  com- 
putes the  breakeven  point  and  the  true  rate  of  return  on 
investment . 
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EQUATIONS  USED  IN  THE  PROGRAM 


Number  of  passenger  sorties,  based  on  the  described 
mission . 


Passenger 

Sorties 


Total 

Passengers 


Aircraft  Passenger 
Capacity 

MISHIN  1 


Excess  capacity  available  for  cargo  after  passengers 
are  on  board. 


Excess 

Capacity 


Aircraft 

Payload 


(Aircraft  Passenger 
Capacity  * 240) 


MISHIN  2 


Number  of  cargo  sorties 

I 

Cargo  _ Total 

Sorties  Cargo 

If  less  than  zero,  gets 


based  on  the  described  mission. 

/ 1 


Passenger 
^ Sorties 


* Excess 
Capacity 


T Payload 


' I 

set  equal  to  zero. 


MISHIN  3 


Total  number  of  sorties  to  be  flown  based  on  the 
described  mission. 


Total 

Sorties 


Passenger 

Sorties 


Cargo 

Sorties 


MISHIN  4 
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Sortie  length  (flight  hours)  based  on  the  described 
mission . 

Sortie  Length  = 

When  hover  time  is  not  used,  this  value  is  represented 
as  transition  time  or  take-off  time. 

MISHIN  5 


Total  number  of  f ight  hours  required  to  perform  the 
described  mission. 

Flight  Hours  = Total  Sorties  * Sortie  Length 


Mission 

.Distance 


Aircraft) 
Speed 


+ Hover  Time 


MISHIN  6 


Probability  that  there  are  no  maintenance  actions  in 
the  system  at  a particular  time. 


Po  = 


n - 1 

I H (1/k!)  + (1/n!)  (A/u)%iV(nu  - X) 

^k  = 0 ' 


where , 


X = 1 /MTBM 

a = 1/MTTR 
n = number  of  crews 


QUEUE  1 


Expected  number  of  maintenance  actions  waiting  for 
manpower  (on  the  average) . 


MA ' s Waiting  = 


Ai.  (A/m)'‘Po 


(n  - 1)  ! (n..  - A ) ■' 


QUEUE 


Expected  number  of  maintenance  actions  in  the  system 
(on  the  average) . 


MA' s Total 


A u ( A/i. ) Po 

(n  - 1 ) ! (nw  -A ) 


A 


QUEUE  3 


Expected  waiting  time  of  a maintenance  action. 


Waiting  Time  = 


..  (A/;;)  “po 


(n  - 1 ) ! (nu  - ■ ) 


QUEUE  4 


Expected  total  time  a maintenance  action  spends  in 
the  system. 


Total  Time 


ti  (A/m)  “Po 


+ 1 


(n  - 1)  ! (nu  - A ) 


QUEUE  5 
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Cjmulative  number  of  maintenance  actions  for  a 
company  of  aircraft  for  one  month. 


MA ' s Cum  = (Utilization  * Number  of  Aircraft)  ■-  MTBM 


QUEUE  6 


Cumulative  waiting  time  of  maintenance  actions  for 
a company  of  aircraft  for  one  month. 

Cum  Waiting  Time  = MA's  Cum  * Waiting  Time 


QUEUE  7 

Total  Not  Operationally  Ready-Maintenance  (NORM)  time 
for  a company  of  aircraft  for  one  month. 

Total  NORM  Time  = MA's  Cum  * Total  Time 

_ QUEUE  8 

Total  aircraft  calendar  hours  in  a 28-day  month. 

Aircraft  Calendar  Time  = Number  of  Aircraft  * 24  * 28 


QUEUE  9 
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Percentage  of  monthly  calendar  time  spent  awaiting 
maintenance . 


NORM  % Waiting  = 


/cum  Waiting 
V Time 


^ Aircraft  ^ * 100 
Calendar  Time. 


QUEUE  10 


Percentage  of  monthly  calendar  time  spent  down  for 
maintenance  (includes  NORM  % Waiting). 


NORM  % Total 


A'otal  NORM 
Time 


Aircraft 
Calendar  Time 


100 


QUEUE  11 


Percentage  of  monthly  calendar  time  that  the  aircraft 
are  not  down  for  maintenance,  and  are  available  for  use. 


Availability  % = 100  - (NORM  % Total  + NORS  %) 


NORS  % is  an  input. QUEUE  12 


Fleet  size  required  to  perform  the  described  mission. 
Fleet  Size  = Flight  Hours  Utilization 


Utilization  is  an  input  for  the  baseline  and  yields 
an  availability  %.  For  the  alternate,  the  program 
tries  different  utilizations  until  the  baseline  avail- 
ability is  achieved. 

MAIN  1 


L 


Operating  hours  per  year  compiled  on  the  subject 
components . 

Operating  Hours  (I)  = Number  of  Components  * 
Utilization  * 12 

where , 

T is  the  year  of  the  life  cycle  {up  to  20) . 


INCORP  1 


Total  number  of  maintenance  actions  performed  on  the 
subject  components  by  year,  by  maintenance  level  over 
the  life  cycle. 

Life  Cycle  MA's  (I,  J)  = Operating  Hours  (I)  r 

MTBX  (J) 


where , 

J is  the  maintenance  level  (up  to  3) . 


INCORP  2 


Cumulative  operating  hours  compiled  on  the  subject 
components . 

y 

Cum  Flight  Hours  = ^ Operating  Hours  (I) 

I = 1 

where , 

Y is  the  last  year  of  the  life  cycle. 


“ 


INCORP  3 


Number  of  initial  spares  required  at  each  location. 


Initial 

Spares 


/ Desired  Number 
f Months  Supply 
^ on  Hand 


Number  Months'^-  * 
in  Pipeline  y 


Number  of  Components 

Utilization  * Operating  At  t MTBR 

Each  Location 


INCORP  4 


Number  of  components  scrapped  (replacement  spares). 

Replacement  ^ Cum  Flight  * Scrap  Rate 
Spares  Hours 


INCORP  5 


Total  number  of  maintenance  actions  performed  on  the 
subject  components  by  maintenance  level . 


Sum  of  MA's  (J) 


I 


3 

Life  Cycle  MA's  ( I ,J) 


1=1  J=1 


INCORP  (. 
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Number  of  depot  level  maintenance  actions  performed 
by  contractor. 


Contractor 

Overhauls 


Sum  of  MA ' s (3) 


^ % Depot  Maintenance 

Performed  By 
Contractor 


where , 


Sum  of  MA's  (3)  is  the  total  number  of  depot 
J evel  maintenance  actions. 


ZCOST  1 


Total  contractor  shipping  weight  for  items  repaired  by 
contractor  at  depot  level . 


Contractor  _ Contractor  * Component  * 2 

Shipping  Weight  ~ Overhauls  Weight 


ZCOST  2 


Multiplier  to  burden  contractor  costs  to  include  overhead, 
general  and  administrative  IG&A)  and  profit. 


Burden 


Overhead 

Rate 


Gi«A  ^ Profit 
Rate  Rate 


ZCOST  3 


Total  cost  for  contractor  transportation  ot  components 
to  and  from  depot  repair  ! ,ac  i 1 i Ly  . 


Contractor 
Transpor tat  ion 


Contractor 
Shippinq  Weight 


Sh i ppi nq 
Rate 


Burden 


I 


4 4 


ZCOST  4 


Total  cost  for  depot  level  maintenance  performed 
by  the  contractor. 


i . 


I 


Contractor 

Depot 

Maintenance 


Contractor 

Overhauls 


^ Maintenance 
Manhours 


★ 


Labor 

Rate 


* 


Parts 
Cost  ( 3 ) 


* Burden 


ZCOST  5 


Total  contract  costs  for  transportation  and  depot 
maintenance . 


Contract 


Contractor  ^ Contractor 

Transportation  Overhaul  Cost 


ZCOST  6 


Total  In-House  (government)  cost  for  parts  consumed  in 
the  repair  of  components  at  the  organizational  and 
intermediate  levels. 

2 

Parts  = "Z.  Sum  of  MA ' s (J)  * Parts  Cost  (J) 

J=1 

where , 

Sum  of  MA ' s (1)  represents  organization  level  and 
Sum  of  MA's  (2)  represents  intermediate  level. 


ZCOST  7 

Cost  of  fuel  consumed  in  the  operation  of  the  components 
POL  = Cum  Flight  Hours  * SFC  * Fuel  Cost 
where , 

SFC  = specific  fuel  consumption  rate 

ZCOST  8 


4 3 


Total  consumption  costs. 

Consumption  = Parts  + POL 


ZCOST  9 


Total  cost  of  maintenance  labor  to  repair  components 
at  organizational  and  intermediate  levels. 


Maintenance 

Labor 


2 

21  Sum  of  MA's  (J) 
J=1 


^ Maintenance 

Manhours  (J)  * 


Labor 
Rate  (J) 


Number  of  depot 
in-house . 

In-House  _ 
Overhauls  ~ 


level  maintenance 


Sum  of  MA's  (3) 


ZCOST  10 


actions  performed 


Contractor 

Overhauls 


ZCOST  11 


Total  in-house  shipping  weight  for  items  repaired  by 
the  government  at  depot  level. 

In-House  _ In-House  * Component  * 

Shipping  Weight  Overhauls  Weight 


ZCOST  12 


Total  cost  for  in-house  transportation  of  components 
to  and  from  depot  repair  facility. 


In-House 

Transportation 


In-House  * Shipping 

Shipping  Weight  Rate 


ZCOST  13 


Total  cost  for  depot  level  maintenance  performed  by 
the  government. 


In-House 

Depot 

Maintenance 


In-House 
Overhaul s 


Maintenance 
Manhours  (3) 


Labor  * Parts 

Rate  (3)  Cost  (3) 


ZCOST  14 


Total  in-house  costs  for  operations  and  maintenance  (O&M) . 


In-House 


Maintenance 

Labor 


Consumption 


In-House 

Transportation 


In-House  Depot 
Maintenance 


Program 
+ Management 
Costs 


ZCOST  15 


Total  operations  and  maintenance  costs  for  both  in-house 
and  contract  costs. 

Operating  Costs  = Contract  + In-House 


.1 


ZCOST  16 
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Total  life  cycle  cash  flow  attributable  to  the 
subject- component. 


Cumulative 
Cash  Flow 
Actual 


Operating 

Costs 


R&D 

Costs 


Investment 

Recurring 


Investment 

Nonrecurring 


ZCOST  17 


Discounted  value  of  total  life  cycle  cash  flow. 


Present  Value 
of  Cash  Flow 


Y 

21  Cash  Flow  (I)  * (1  + i) 

1 = 1 


- (I-.5] 


where , 

I is  the  year 
i is  the  discount  rate 

Cash  Flow  (I)  is  calculated  by  year  using  the  ZCOST 
equations  shown  in  this  section. 


ZCOST  18 

Investment  costs  for  alternate  component  configuration. 

X.  _ RS.D  , Investment  , Investment 

Investment  = ^ . -t  „ + 

Costs  Recurring  Nonrecurring 

These  costs  are  discounted  using  equation  ZCOST  18. 


ZCOST  19 


4S 


True  rate  of  return  on  investment. 


True  Rate 
of  Return 

/Baseline 
■ 1 Discounted 
\Cash  Flow 

Alternate  \ 
Discounted] 
Cash  Flow  / 

T Investment 

100 

N 

where , 

N is  the 

project  life. 

MAIN  2 


I 
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DEFINITIONS  OF  INPUT  DATA 


ILT 

INLEGS 

ILGDIS 

IMD 

IMISND 

IMTYP 

IN  PAS 

INLIT 

INCAR 

ICLS 

IMLOAD 

LASTED 

LSCASE 

IHTMI 

IHTMX 

IMCLSS 

NAME 

I SEAT 

LITTER 

IAMBS 

KMPHT 

KMPIDI 


mission  leg  type 

number  of  legs 

leg  distance  in  kilometers 

mission  duration  in  hours  (used  instead  cf  ILGDIS) 

mission  number 

mission  type 

number  of  passengers 

number  of  litters 

cargo  weight 

aircraft  mission  class 

indivisible  load  weight  if  load  cannot  be  broken 
down  into  smaller  pieces 

tells  the  program  whether  or  not  this  is  the  last 
card  in  the  mission  description  (yes  or  no;  1 or  0) 

tells  the  program  whether  or  not  this  is  the  last 
case  to  be  run  (yes  or  no;  1 or  0) 

hover  time  with  internal  load  in  minutes 

hover  time  v/ith  external  load  in  minutes 

aircraft  mission  class 

aircraft  name 

number  of  passenger  seats  in  the  aircraft 

number  of  litters  which  the  aircraft  can  carry 

number  of  ambulatory  or  attendant  seats  in  the 
litter  configuration 

cruise  speed  with  internal  load  in  kilometers  per 
hour 

cruise  speed  with  external  load  in  kilometers  per 
hour 


I PAY  payload  in  pounds 

IFA  floor  area  in  square  feet 

NX  number  of  maintenance  crews  at  the  organizational 

level 

XTBF  total  aircraft  mean  time  between  maintenance 

including  scheduled  and  unscheduled  maintenance 

TIMEX  total  aircraft  mean  time  to  repair 

TUIL  monthly  aircraft  utilization 

AC  number  of  aircraft  per  company 

ZZNORS  not-operational ly-ready-supply  (NORS)  percent 

IBER  tells  the  program  whether  or  not  this  is  a baseline 

establishment  run  (yes  or  no;  1 or  0) 

LR  tells  the  program  whether  or  not  this  is  the  last 

baseline  establishment  run  (yes  or  no;  1 or  0) 

MONTHS  number  of  months  being  considered  in  project  study 

NACSTR  number  of  components  in  the  fleet  at  the  beginning 

of  the  study  period 

NDLVCD  if  aircraft  are  still  being  delivered  with  this 

component  on,  this  tells  the  program  whether  they 
are  being  delivered  at  an  irregular  rate  (yes  or 
no;  1 or  0) 

MODLV  if  aircraft  are  still  being  delivered  with  this 

component  on,  and  the  delivery  rate  is  constant, 
this  is  the  number  of  components  per  month 

MOS  the  number  of  months  that  deliveries  will  continue 

NDLWMD  tells  the  program  whether  the  aircraft  are  being 

delivered  with  the  modified  part  (yes  or  no;  1 or  0) 

MOSTRT  start  month  for  aircraft  that  are  being  delivered 
with  the  modification 

NFHCD  tells  the  program  whether  the  components  arc 

operating  at  an  irregular  utilization  rate  (yes  or 
no;  1 or  0) 

MOFH  flight  hours  per  component  per  month,  if  utilization 

is  constant 
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M0DTT4 

OLRATE 

EWRZ^TE 

NAME 

INSCDl 

LEVELl 

MEVELl 

MODTT 1 
MMSTRT 
LOCAL 

LINPIP 

NCOMP 

ACATR 

MOAC 

MOUTIL 

INCl 


total  number  of  aircraft  delivered  with  the  modified 
part 

subscripted  variable  which  gives  the  MTBF,  MTBR 
to  AVIM  and  MTBR  to  depot  for  the  old  component 
configuration 

subscripted  variable  which  gives  the  MTBF,  MTBR 
to  AVIM  and  MTBR  to  depot  for  the  new  component 
configuration 

component  configuration  name 

if  the  new  component  is  to  be  installed  in  the 
field  (or  at  depot) , tells  the  program  whether 
they  are  being  incorporated  at  an  irregular  rate 

if  the  incorporation  rate  is  constant,  number 
of  modified  parts  incorporated  per  m.onth 

if  the  incorporation  rate  is  irregular,  number 
of  months  that  incorporations  continue 

total  number  of  field  incorporations 

start  month  for  field  incorporations 

regarding  the  initial  inventory  level,  the  number 
of  months ' of  spares  that  are  kept  on  hand  at 
each  location 

regarding  the  initial  inventory  level,  the  pipeline 
length  for  turnaround  of  spares 

the  number  of  aircraft  company  locations 

component  attrition  (scrap)  rate  per  100,000  hours 

subscripted  variable  (240),  which  tells  the  program 
how  many  components  are  being  delivered  per  month, 
when  aircraft  are  being  delivered  at  an  irregular 
rate 

subscripted  variable  (240),  which  tells  the  program 
the  utilization  per  component  per  month,  when 
utilization  is  irregular 

subscripted  variable  (240),  which  tells  the  program 
how  many  field  incorporations  per  month  take  place, 
when  the  incorporation  rate  is  irregular 


The  following  six  input  definitions  apply  to  both  the  old 
item  and  the  new  item;  the  first  variable  name  pertains  to 
the  old  item  and  the  second  pertains  to  the  new  item. 

NDL,  the  percent  of  depot  level  maintenance 

NDLN  performed  by  the  contractor 

CRATE,  contractor  unburdened  hourly  rate  (dollars 

CRATEN  per  hour) 

HMM,  subscripted  variable  (3)  which  gives  average 

HMMN  maintenance  manhours  to  repair  the  component 

at  organizational,  intermediate  and  depot 

PARTS,  subscripted  variable  (3)  which  gives  average 

PARTSN  value  of  parts  consumed  per  repair  of  the 
component  at  the  three  repair  levels 

POLRA,  pounds  of  fuel  consumed  per  operating  hour; 
POLRAN  this  should  only  be  used  if  the  change  in 

the  component  will  change  the  fuel  consump- 
tion rate,  otherTA’ise  leave  blank 

LBSO,  component  shipping  weight 

LBSN 


NOCPM 

OHD 

GNA 

PROFIT 
XPORTC 
X PORT  I 
CJP 
FI 


subscripted  variable  (20)  for  yearly  cost 
of  program  management 

contractor  overhead  percent 

contractor  general  and  adminis '-.rati ve  percent 
contractor  profit  percent 

contractor  sliipping  rate  (dollars  per  100  lb) 
in-house  shipping  rate  (dollars  per  100  lb) 
cost  per  gallon  for  fuel  (JP-4) 
discount  rate  (%) 


The  following  input  definitions  describe  the  suDscripted 
variable  OUT.  This  variable  name  is  used  for  all  of  the 
Army  Regulation  37-18  cost  categories. 

OUT  (1)  total  research  and  development  (R&P)  costs 


OUT  (3)  R&D  engineering  costs 

OUT  (4)  R&D  tooling  costs 


OUT 


(5) 
OUT  (6) 
OUT  (7) 
OUT  (8) 
OUT  (9) 
OUT  (11) 
OUT  ( 14 ) 
OUT  (16) 

OUT  (17) 
OUT  (18) 
OUT  (19) 
OUT  (20) 

OUT  (21) 

OUT  (22) 
OUT  ( 24 ) 

OUT  (27) 
OUT  (29) 
OUT  (30) 
OUT  (31) 
OUT  (32) 
OUT  (33) 

OUT  (34) 

OUT  (35) 


R&D  prototype  production 
any  other  R&D  costs  not  itemized 
R&D  general  and  administrative  costs 
R&D  profit 

quantity  of  prototypes 

in-house  R&D  program  management  costs 

total  investment  nonrecurring  costs 

investment  nonrecurring  advanced  production 
engineering  costs 

investment  nonrecurring  tooling  costs 

investment  nonrecurring  manufacturing  costs 

investment  nonrecurring  quality  control  costs 

any  other  investment  nonrecurring  costs  not 
itemized 

investment  nonrecurring  general  and  admin- 
istrative costs 

investment  nonrecurring  profit 

investment  nonrecurring  in-house  program 
management  costs 

total  investment  recurring  costs 

investment  recurring  engineering  costs 

investment  recurring  tooling  costs 

investment  recurring  quality  control  costs 

investment  recurring  manufacturing  costs 

investment  recurring  first  destination 
transportation  costs 

any  other  investment  recurring  costs  not 
itemized 

investment  recurring  general  and  admin- 
istrative costs 
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OUT  (36) 
OUT  (38) 
OUT  (39) 
OUT  (40) 
NCODE 

NRDEST 

NRD 

NINEST 

NIN 

NUNITC 

LBSC 

NUNITI 

LBS  I 
NIREST 

NIR 

NAME 


investment  recurring  profit 

in-house  transportation  costs 

in-house  program  management  costs 

quantity  of  components  produced 

tells  the  program  whether  overhead  is 
included  in  the  cost  (yes  or  no;  1 or  0) 

tells  the  program  whether  to  estimate  R&D 
costs  (yes  or  no;  1 or  0) 

subscripted  variable  (5)  for  yearly  cost 
of  R&D 

tells  the  program  whether  to  estimate 
investment  nonrecurring  costs  (yes  or  no; 

1 or  0 ) 

subscripted  variable  (20)  for  yearly 
investment  nonrecurring  costs 

number  of  units  to  be  shipped  by  contractor; 
use  only  if  first  destination  transportation 
costs  are  unknown 

shipping  weight  of  component  for  contractor 
shipping  cost  calculation 

number  of  units  to  be  shipped  by  goveriiment; 
use  only  if  in-house  transportation  costs 
are  unknown 

shipping  weight  of  component  for  in-house 
shipping  cost  calculation 

tells  the  program  whether  to  estimate 
investment  recurring  costs  (yes  or  no; 

1 or  0 ) 

subscripted  variable  (20)  for  yearly 
investment  recurring  costs 

subscripted  variable  (57,  8)  which  gives 
labels  to  the  cost  categories 
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DEFINITIONS  OF  OUTPUT  DATA 


ISOR 

FLTHL 
I SORT 
TFLT 

MTL 

MLL 

MAS 

IDIV 

MNUM 

LSIZ 

TILU 

XREORD 

XXQ 

XXWAIT 

XXNUM 

XXTIME 

XZ 

XTWTIM 

XTDTIM 

XONORW 

XONORT 


number  of  sorties  required  to  complete  a particular 
mission 

number  of  flight  hours  for  each  sortie 

total  number  of  sorties  reqi.ired  for  all  missions 

total  number  of  flight  hours  required  for  all 
miss  ions 

maximum  number  of  seats  utilized  when  aircraft  is 
payload  constrained 

maximum  number  of  litters  utilized  when  aircraft 
is  payload  contrained 

maximum  number  of  ambulatory  seats  utilized  when 
aircraft  is  payload  constrained 

number  of  missions  that  should  be  deleted  on  the 
basis  of  the  indivisable  load  being  greater  than 
the  payload  capability 

mission  number  to  be  deleted 

load  weight  to  be  deleted 

flight  hours  per  aircraft  per  month  (utilization) 

mean  time  to  repair  (MTTR) 

expected  queue  length 

expected  waiting  time  for  men 

expected  number  of  tasks  in  the  system 

expected  time  in  the  system 

probability  of  no  tasks  in  the  system 

total  waiting  time 

total  not-operational ly-roady-maintenance  (NORM) 
time 

NORM  percent-waiting 
NOFIM  pc^rcont-total 


AVAIL 


availability  percent 


I 


I 

i 


\ 

I 


TUIL 

TFLTl 

TFLT2 

AVAILl 

AVAIL2 

UTILl 

UTIL2 

FLTSZl 

FLTSZ2 

ZVAIL2 

ZUTIL2 

FLTSZ4 

AVAIL3 

UTIL3 


utilization  when  utilization  is  so  high  that  it 
results  in  a constant  queue 

baseline  flight  hours  required  to  per from  the 
mission 

alternate  flight  hours  required  to  perform  the 
mission 

baseline  availability  percent 
alternate  availability  percent 
baseline  utilization 

alternate  utilization,  holding  availability  constant 

baseline  fleet  size  required  to  perform  the  mission 

alternate  fleet  size  required  to  perform  the 
mission,  holding  availability  constant 

alternate  availability  percent,  holding  utilization 
constant 

alternate  utilization 

alternate  fleet  size,  holding  utilization  constant 

alternate  availability  percent,  holding  fleet  size 
constant 

alternate  utilization,  holding  fleet  size  constant 


NOLTOT 


NEWT  or 


LOCMFH 


subscripted  variable  (3)  which  gives  number  of 
maintenance  actions  on  the  old  item  at  the  throe 
repair  levels 

subscripted  variable  (3)  which  gives  number  of 
maintenance  actions  on  the  new  item  at  the  three 
repair  levels 

total  operating  hours  accumulated  on  the  old  items 
over  the  life  cycle 

total  operating  hours  accumulated  on  the  new  items 
over  the  life  cycle 


NWCMFH 


NS  PARS 
NACATR 
OUT 

OUTA 

COST 

COSTA 

IBRKEV 

IBRDIS 

OM 

TEMP 

MOLD 

NNEW 

NUMTOT 


initial  spares  required  per  location 

parts  scrapped  over  the  life  cycle 

subscripted  variable  (60)  which  gives  total  costs 
by  category  for  the  baseline 

subscripted  variable  (60)  which  gives  total  costs 
by  category  for  the  alternate 

double  subscripted  variable  (20,  3)  which  gives 
costs  by  year  by  category  (annual  cost,  cumulative 
cost,  present  value)  for  the  baseline 

double  subscripted  variable  (20,  3)  which  gives 
costs  by  year  by  category  (annual  cost,  cumulative 
cost,  present  value)  for  the  alternate 

symbol  to  designate  in  which  year  the  break-even 
point  is  reached,  when  costs  are  not  discounted 

symbol  to  designate  in  which  year  the  break-even 
point  is  reached,  when  costs  are  discounted 

subscripted  variable  (20)  which  gives  annual 
operations  and  maintenance  (O&M)  costs  for  the 
alternate 

cumulative  O&M  costs  for  the  alternate 

subscripted  variablo  (20)  which  gives  number  of 
old  items  in  the  fleet  by  year 

subscripted  variable  (20)  which  gives  number  of 
new  items  in  the  fleet  by  year 

total  number  of  components,  both  old  and  new  in 
the  fleet 


VEST  total  investment,  discounted 

TRR  true  rate  of  return  on  investment 


INPUT  DATA 


The  following  section  shows  the  input  data  as  it  was  coded 
on  the  forms  for  the  sample  test  case. 
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no 


should  have  a 1 (yes) 
should  have  a 1. 


AIRCRAFT  CAPABILITY  Page 


AIRCRAFT  CAPABILITY  Page 


Number  of  crews  2.  Aircraft  MTBF 


no 


with  reference  to  block  1,  no.  months  in  study 


INCORPORATIONS  PER  MONTH 
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;v . recurring  costs  unknown  »■  7.  Qty.of  kits  or  coinponents 

Estimate  (1  “ yes)  | | produced  u 


Page 


W :l 


f 

1 


z 


. J 


5 


r 

3 


9 

1 0 
1 1 
12 
1 J 
1 u 
1 b 

1 3 
! 7 
I 3 
1 9 
20 

2! 

22 

2i 


2b 

27 

23 

27 


■5: 


3; 


32 

3i 

3U 

3 5 
5b 
57 
53 

59 

u3 


PROGRAM  LISTING 

• jra  s re  vF,  , L j.  2uGf  33  /9,  T i-’t : ! <(c , 2ir.=L-<e  r:'<  l I3r»r,c; 

nl^'f  -.SION  Ol;T  (hO)  ,01171  (»0)  , •.  J''n'.  (2:, . n , ^ ,'-t ' ( 20  , S)  .f.i.UTni  f 5)  , 

1 ■vc.'TnTCn,  \F-<yP(20,23,C:'SIf20 ,5),C''bTt(2f',5),l«KK.twl205, 

2 IH7.'IS(2P)  ,N'3LO(?0  3,'i\E,’.  f?n),0'^(?0),N3HOi  (?0,53,M»'t(S7,9), 

5 1(20,5)  .NCLTO!  C i)  ( 3)  , - r--» ' (2:  , 21 

C0'<wj’/  rL7(ioo),  iolEGscioo) , iiioiocoo),  r'lsr-cfiPO), 

1 IwTyPClOn),  I^-I'CICO),  INFISCIOO), 

2 lAITdOO),  INCIRU  00)  , ICLSC 100)  , r'lLClCdOO) 

D1T4  lbfcDIS/'»'/,  IBLAM/'  '/ 

:,---.sF4r'  LiRtLS 
on  S Irl,b7 

5 IE  ID  (S,  7)  ('il'-d  d , J)  , J = 1 , S) 

7 f UR-'17  (SbU) 

>....PEAD  IM  MISSION  ClRDS 
10  no  lb  1=1,100 

REID (s,  15)  ilt d ) , i‘. LEGSd ) , iir.risc I ) , d'oc n , i‘-isND( I ) , 

1 ImTyP(I),  !S  = tSd),INU:Td),ir.CA»Cn, 

2 ICL.Sd),r-lL01Dd),LlSTCD,uS:iSE 
Ms  I 

IF(LlSTrD,£D.l)  GO  TO  lb 
lb  CONTI-Jue 

15  P.:RMAT{2d  , Ii,F5.  1 , 211,  7b,  IS,  Ib,  1 1 , 15,21  n 

Is  CALL  'dSnlMMjTFLTl  ) 

\ F L 1 & = 0 

Cl'.L  DiJEjECUT  !l1  , TOTIME,  IVlUl  ,CES  ^OW  , \Fli  G , X , Z , OU^M  Y 1 , DU^M  Y 2 , X Y Z ) 

: I 

FuTSZ1  = Tflti  /OTI'.i 
CIlL  d ?-IN(M,  TFLT2) 

JT IL3=TFlT2/F: TSZl 
nF.ig=1 

ClLl.  ;-F)e(jTlLP,TOTIME,4VlIL2,r-ESNOR,NFLlG,ZuTlL2,ZV4lL2,UTIL5, 

1 1 V 1 1 5 , X V Z ) 

F_:SZ2=TFEr2/(;T  7L2 
FLTSZ  . = 7d.T2/Z.,TIu2 

.-ITS  Co, ->0003  TF^Yi  , tF;  T?,  IMI.I  , lvZ'iL2,  (.'TILl  ,UrlL2, 

1 FETS7;,3i.TSZ2,l,llLl,ZVtI.dJd’,  1,ZuTIl2,FlTSZI,FI.TS74,AVAIL1, 

2 lVi:L3,dlLl,liTIt3,FLTSZl,F-TS71 
:,....rrb3T  I'.ccRp  call  ppovines  data 

I -iST  ZCOST  CALL.  DITTO  SECOND  CALLS, 

L'LlSd 

C I .CLAP  (MHOTT  1 , ''DDT  T3  , ••'07  7 5 , ml''TTA  , MjmOI  ,M'MF  1 , Lf  LTD!  , 

1 *0;  , lOCM'  1 , L.-CMF  ! , '■•AC,  SF--,  ; , ',vL  , ,0l0,  '.NEn,  LFl  AG) 

L F u A G = 2 

CAwL  ! •,r;W?(''OOTTl  , "00712,  '-0DTT5,  ''ODTTy  , NuMOL  , •Nl- E ix , NT L TO T , 

1 LE^'Tnr  ,LOC"FH,  S,.CMPh,  JAC  , -jFhYP  , GY  ri , \OLP  , NNE  h , L F L A G ) 

JFL1G=J 

CAlU  ZCD5T  (“ilMCI  ,MjmE  1 , ’JuLni  ,NE.,‘.T01  , JFLAG,LUCMF  1 ,SaCMF  1 , dot  ,CCS7  , 
1 NFhyi  ,ir--,vF,  ST.NypChy  ,T.“P) 

JPLlG=l 

C«LL  ZC”STdJUMCt,NL"’Efl,N0.7  3T,LEATUT,JFLAG,tCCF'FM,\ACMFr.,DL'TA, 

1 CDSTA,'F-YP,nM,VEST,\YRC-lx,T'lP) 

0JT(57)  = -^AC 
0JTA(57)=JAC 

■xPITECb.SimP) 

DO  500  1=1,57 

lEd. EGd. 07. 1. ED. d. OR. I. EG. 2T. DP. I. to. 451  GO  TO  450 
IFd  .EJ.2.0P.  I .EG.  1 O.OP.  I .eg.  15,0P,  I ,E '..2  (.•DR,  I.tO.231  GO  TO  475 
IFd.EG.57,0R.I.EG.40.CR.I.EG.44,nR.l.t>,.4R.0«.I.En.b7)  GO  TO  475 
aRITE(o.  85  00)  (MM£d,K),X  = l,b),OUTd),OUTAd) 

GO  TO  500 


lil 

b50 

.\RITC(»,,«4B0)  (*0Avf_  ( I , K ) , K = 1 

»8),auf  fI),OljTAfn 

U2 

30  TO  500 

b3 

4 75 

.vRITE(b,347S)  (NAVEd.K)  ,<i! 

,8)iOUTCn,3jTA(I) 

(J4 

500 

COST  ruE 

u5 

(■R!7Etb#bbOO) 

ub 

IChC UVrO 

<j7 

IChOIS=0 

«e 

TEsRsO-t;  1 ) 

uR 

on  boi  1 = 1 ,\Y‘i 

i , . 

50 

I bRkev  ( I ) r I8LAM 

51 

IBROISC  n = I8LAM 

■* 

V 

52 

IF  ( IC-’CU'-'.NE.C)  on  70  S80 

55 

iF(ccs7Aci,?).GT.:usT(:,2); 

30  TO  S80 

5b 

IF  ( 1 ,r.t  ,*,YRChK)  IPRKKVCI  ) = I BECuv 

55 

IChCu*-a1 

5b 

580 

IF(IC-DIS,NF.O)  GO  TO  bOO 

57 

iF(rL5STA(i,3),GT,rr.sTn/3)) 

30  TO  bDO 

58 

IF(I  .r.E.'iYbCiK)  IPRDIS(  I ) = 135015 

59 

IC-'C:S:l 

bO 

bOO 

:f;i,3t.i)  rE'*F  = TF"Rtov( I ; 

b 1 

NU''*TCT  = NOLOn)»N(,EA(I) 

b2 

601 

v.RITEfb.arCO)  I , (CoST(  I , J)  , J 

= I , 3)  , (CUSTAd  , J) , JJl 

,2),IBR8EV(I), 

1 cosTA(i,3),iBRrnscn,ov(i), 

TEvP.nOLOC I) ,NNFrt ( 1 ) , 

NJN*T0T 

w 

VAIN  ? 

b5 

.sRIT[Cb,8RQ0) 

bb 

RETU-'=CQS7(NYR,31-CCSTA(NyR 

,S) 

fcb 

TRR=(R' Ti,R*J/VE  ST).  (1  0 0/NY  R) 

- * 

bb 

aRITe.  (b.  6900  ) C0ST(*.YR,2).C0STA(nyk,Z),CCST{NYR,3),CUSTACNYR,3) 

1 VEST , TRW 

b7 

ARITE(b.90ir>) 

b3 

8000 

F0RVAT(8ib) 

b9 

Pbb9 

FORV A T(1m1,T5,' OUTPUTS  !',Tul,'?4S£LlN£'.7fcb,  'ALTERNATE', 

r /) 

70 

8450 

F0R*''AT(T3,  “i4,  1 XF]  0,  0 , 1 3xF  1 0 

.0) 

71 

9475 

FDR vAT(Ti,SAb, 7X810,0,13x8 10 

.0) 

72 

8500 

FnRViT(T3,flA,,13xF10.0,13X»l 

0.0) 

73 

8b00 

F0RVAT(  1 il  , /////T  lb,  'ti  A S E 

L ! N a',T72,'a  L T 

E R N A 

T E', 

7U 

75 

7b 


77 


:V 

* 

I 


t /M?,'1\\U4L 
? TU7,'A\NU4l 
4 TB5,'4\NU4l 
Tij.'cnsT 
a TaP.'cnsT 
H T9J, 'JR"  CCST5 


CUV, 

Cu‘  , 
Cl!*' 

CC3T 

C'~57 

Ob'*  C'.ST? 


T 0 T 4 1.  ' , / 7 5 , ' T F A R ' , 


P^E.3£^T', 

B^fSE*.T  • , 

? . 0 > B A 

''41  Jt  ' , 

VAlUE ' 

he*  5 nE*-*S  ITEMS',/) 

B700  FOR“AT(TS,I?,5tlx,MO,0),2A,E(!<,4l''',OJ,  l».lAl,l*,FJ0,!),lx,141, 

1 ?*.  2t ! X,F  1(1.  n ) , JfiX,  IHI) 

9800  FORv/.T(  //T5,'  • - sREAa  eve.  “OIM,  (COSTS  NOT  mSCOuNTfD) 

» - BREAK  EVEU  PCl'T,  (RRbSf.T  V A L ' lE  ),',// ) 

8900  FORv.T(/////T(iO,''-4StUI*F  A.Tr-.'  JTr. 

1 //Tx, 'Cu^.L4TivE  CIS-  p^C',  i:T,.;..'.T5r,?(,-5xf  ic.o; , 

^ //Ti,  *R-ESf  .7  *;al.'P  0"  C45-  P . ' , T in  . ? ( ?X4  1 0 , ' ) , 


S //Ti, ' I 


:ST' 


•IT  (RR'-SEM  v4;.^4)', 


T 50 ( P ! 0 , 0 1 


b //tj.'true  rate  r.E  pctur'.  o\  r-vES^  • em  • , ts  i ,fb  ,e*  x’//) 

bOOO  fORVit(1'<1  ,///T19, 'F^EET  S171'I3  Si:  a*-*  i R Y ' , / / 

Z TE7, 'BASELINE  A . T ER  *.  A TF  ' , / / T S , ' F L T . HRS,  REviUlRrO 

1',/TJ,'T0  RERFCR  * *'ISSI01 TJ5,i>(Fl0,2,  Ex)  ,//TJ, 'HCLOl  yF,  4vAIlaRIL 
?ITY  C.1'.STA*,7  !', 

5/T5. 'Availability  •x',T3R,2{Fb,p,7x),/Ti,'uTiL.  tPH/4C/HO)',T3R, 

u ^CPb,^. 7X)  ,/T3, 'FLEET  SIZE  ( 4 c ) ' , t 3t , Z t E 7 , ? , 6 x ) , 

5 //T3. 'hl'LOINC;  utilization  CJNSTaM 

b/Ti, 'AVAILABILITY  *<  ' , T 3« , 2 ( E b , 2 , 7 X ) , / T 5 , ' TIL.  ( F «/ 4 C / >'0 ) ' , T 3R , 

7 2CFb.2,7X),/TJ,'T^EET  SIZE  C AC)  ' , 7 3b , 2 ( F 7 . ? , bX ) , 


J 


P //■»  i, 'HOLOr.G  fLtLT  SIZE  COVSTtM  i', 

3/^5,  '.VAIL. '.PILITY  X',  T39,2(Fb,2, 7*  J ./Ti,  'liTIL,  C F H/ AC  / "'0 ) ' , T 3<) , 
A ?(Fo.a,7X) ,/T3, 'FLEET  SIZE  (AC)',T3o,2(F7.2,bX),/) 
qflio  FO^yATClhU 

IF(L5CASE.SE.n  GO  TC  10 
STO? 

END 


'O'-  ‘ 


/ 

i 


86 


r 


3 


S.mwr  'T  i-,f  . t ' i 

51^-S-. in'.  I”CL53t?)  , '.i  f (3,  :3)  , I 3f  - T (0?)  ,1.  ITTf  «(C?)  , (0?)  ,k«Pm 

ii  cn'-'':'’-!  ilt ( 1 00) , i^lcG.fcioc)  , il'.disc ! 00) , i^’isNOc  100) , 

1 I VO(!  GO)  . IM0(  ;nO)  , INP4SC  U'O)  , 

2 T\LTT(loO),r.CiAnOO),KLSClO''. ),  r-'LijiD(  1 or. ) 

5 PEAO(3,10)  I-<TVI  , I-'TVX,  I'-CLSSt  n , (^Af■'E  ( ! , I ) , 1 = 1 , 3)  , 

1 istATcs),L!TTE»cn,ii^rfs(n.'<^-Fii(;),'<''PHxn),iPAY(n.iFA(i) 
a 10  FOP«ATtiIi, 3AA,bI3,2I5) 

7 m=o 

3 < = 1 

9 ICaO 

C OFTES'^ISE  AIRC9AFT  CONSTRaI\TS  C if  ANY  ) 

C MAX  TROUTS  lifted  per  sortie  t mtl) 

M T L = I ° A Y c •; ) / 2 U 0 
IFtMTL,LT.I.«FAT(K))K  = l 
IF(ISEAT(K),LT.''TL)''TL::IaC:AT(K) 

C MAX  lITte-^s  lifted  PE«  SCFTIES  IMLL  ) 

MLL=IPAY(X)/2L0 
IF (mll.lt. lITTERCF) ) ICsl 
I F C L I T T E R ( X ) , ,.  T . Ml.  i. ) ml  t = L I T T E 9 ( -< ) 

C AMgjLATnRY  SEATS  (MAS  ) 

vA5=(IPAv(^).tMLL*Ea0))/2U0 

IFIMAS.nT.IAMBSCKnMASAlAMESCK) 

<1  = 1 
1 = 0 

FLTPCSsO. 

IDIVsO 
ISORTsO 

lOjMaO 

C WRITE  aircraft  characteristics 

aRITEC6.10O)('.A‘-'E(k,J),Js1,X),t>';^SS(KI),  I9AY(K),KVPmT(^), 

lKM?Mx(K),IFA(.<),ISEAT(r),LI’’TER('<),IAM5SC'0 
IF(IC.3T.0).-.'RlTE(fc,RR)MTu.MLu.MAS 

wRITEla.llOn 

LlNES=a 

00  30  M = 1 .NA  ■ ■ ■ , 

IF(ICLS(m).N£,ImcLSSCKI))30  TO  hC 
IF(I\L.GT.0)30  to  I 
FLT=0. 

SORTRsO . 

FLTHM30  , 

INL=IRLEGS(m) 

I IF((riOAS(M)*IM.IT(M)»INC4R(M)«IMLUA0(M)tIMn(U)),EG,0)IMTVP(M)io 

IFdLTCO.EO.OIlLTCMlaa 

d ( Jl  r (M) .E0.R)30  TO  fll 
IF  ( I-lCAO(m)  ,lT.  IPAv  c«.)  )G0  TO  19 
IDIVrIOIv»l 
M'.jMf  IDIv)sI"IS'.D(M) 

LSIEdOIVIclMLCACCM) 

19  IGRP=IMCLSS(KI) 

GO  TO  (2S.30 ,20,2S,80) , IG»9 

: medical  EVACJATIQN  PhASE 
C EMPTY  leg 

20  IF ( (INlIT(m)»I\paS( M) tlNCARIM) ) .NE.O)GO  TO  21 

ISORal 
GO  TO  50 

c litters  O'iLX 

21  IF{(INPAS(M)t:sCAR(M)).NE.C)30  TO  22 

ISJRxFi,QATdNLITtM))/FL0AT(Mj.L)*.9<» 


GO  TD  sn  ■ . ' ! 

C LITTeWS  H PASSflGPRS  - . _r_  ■«.  -J  i I 

aa  iPti'.0A«('-). N't. 0)0.0  TO  ?5  

IF(I\LIT(M).LT,''LL)ISDP1s1 
II.ITl  = INLIT('').(IS0P1»vLl) 

IF(IlITU.LE.0)ILITL=0 
INPASCs'^ASoISORI 
I^?ASLst^|PAS(•'•)-I^'PASC 
IP  ( iMPASL.Lt  ,0)GO  TO  ^P, 

IS0P23PL0AT  (ILITL*INPASL)  / float  Cn-li.»pAS)  + .P<J 
GO  TO  2b 
2fl  ISQOasl 

2b  ISOP*ISO«UISOR2 

GO  TO  50 
C EXTEPVAL  LOAD 

2J  IP(I''LOAD(M).GT,IPAY(*<nGO  TO  2« 

ISORiPLOATCISCAPCwn/FLOATtIPAYCOI  + .PP 
GO  TO  70 
2u  IS0R»0 

FLTHlIsO. 

FLThl2sO, 

GO  TO  62 

w 

: empty  leg 

26  IF  c ( ImlOAOCM)  + INCAR  (m)*I',PaS(M)  ) .njE.OGO  TO  27 
IS0R=1 

GO  TO  50 

C <IA  C 10  S3.  FT.  PER  MAN) 

27  IF  ( I'.'TyP(M)  .^E.P)GO  TO  JO 

IF ( ( INCAR(M) /ImlOAD(m)»INCAR(M)/2UO) .NE,0)GO  TO  JO 
KIA  = INCAR(m)/IVlOAD(''.) 

<FLAs<IA*10 

ISORiFLOAT (KFLA) /FLOAT (IrA(<))*,9R 

if(Ipay(o,lt.c2uo»(ifa(k)/io)) ) isor=float  ckia«240) /Float (ipay ( a ) ) 
1*.9R 
GO  TO  50 

C PASSENGERS  ONLY 
C MjSHIfg  1 

JO  IF(InCAR(m),\F.0)G0  to  Jl 

ISORsFLOATtINPAS(M))/FLCAT(MTL)+.RR 
GO  TO  SO 

C CARGO  only  or  passengers  LESS  TRAN  SEATS  ANO  CARGO 
Jl  1F(I-,paS(M).GT,mil)GO  to  J2 

IS3»  = Fi.OAT(  INPASn-)»2<40flNCARCM))/FLOAT(IPAY(K))*,99 
GO  TO  50 

C PASSENGER  GREATER  TRAN  SEATS  t CARGO 

c vrs-nN  ?,j,u 

J2  IS3RR=0 

ISORl-INFiSfMT/MTL 

INPASl  = I'.RAS(-).(ISOR1»M7L) 

INCARN=r.CAR(M).(I30Pl»{IP4Y(K)-MTL*2RO)) 

IF(I  .CARN.lF.OIGO  to  jj 

IS0M2aFL0AT(INPA3L«2U0*lNCARN)/FL0AT(IPAY(A))».99 
GO  TO  ja 

JJ  IF (InpaSl.&t.O) isor2=1 

Ja  ISJPsISORl*ISOR? 

: flight  time  leg  interval 

50  IFtlMTYP(«),E3,5)CLl  TO  70 

IF(I«tyP(m) ,EQ,7)G0  TO  70 


1T7 
179 
179 
190 
1«1 
182 
183 
1 SU 

185 

186 

187 

188 

189 

190 

191 

192 

193 
166 

195 

196 

197 
199 

199 

200 
201 
202 
203 
206 

205 

206 
207 


209 

209 

210 
21  I 
212 
213 
219 

215 

216 

217 

218 

219 

220 
221 
222 
223 


22" 


C s 

FLTr^il3((>^iCiT(lLr,OIS(‘'))/FL0ir('(yPHl(K)))t(,0,*FiC'iT[JhTMI})/b0, 

FLTHL2aFLOAT(Iy!n(M))/bO. 

><LTaILT(M) 

GO  TO  (61 ,62,62,62)  ,Kl.T 

61  S09T:Fl04T(ISQ«) 

FLTHl=(2.»FLTHL1) ♦FUTHU2 
GO  TO  103 

62  SORTsFLOATCISOR) 

FLTHL=FLTHL1»FlThL2 
IF(INL.LT.INLEGS(>o))GO  to  103 
IF((LlNES*INLEGS(M)  + n,LT,57)G0  TO  103 
WRITE(6, 1 101) 

LINES=6 

c PRIM  leg  OATA 

103  6RITt(6,110«)  Ik'ISNO('"),I'lTvP(w),I'iCLSS(KI),IUT(M),INLEGS(‘o), 

1 iLfOISC"),  I\PAS(''),IMLIT('^),]NCak(m),1mlOaD(M),ISOH,PLTHL 
LiNEStLIKES*! 

C flight  TIMJ  ^'ISSI0^ 

IF(S0BT,GT,  SO«TB)SnRTR3S0RT 
FLTHVsFLTHW+f LTHL 

INL=INl-1 

IF(I\L.GT.0)Gn  TO  80 
GO  TO  105 

C FLIGHT  Tl^'f  - leg  EI^TERNAl 

70  FLTNLl  = (C(FLOATt:LGDIS(M))/FLOAT(KMPhICK)))*60.)+FLOATnHTvin/60. 

FLTH|.2=( C (FLOAT (ILGDIS(V) )/FuOATCKMPnX(K) )) *60, )+FtOAT(IMTMX) )/60, 
FLTHl3=Imo(«)/60, 

KLT  = ILTC^) 

GO  TO  (71 ,72,72,72) ,KLT 
7t  S0RT=FL0AT(IS0R) 

9LrHusFLTHLl+FLTML2*FLTHL3 
50  TO  103 

72  SORTsFLOATdSOH) 

FLTHl=FLTHL2*FlTHL3 
GO  TO  103 

c total  flight  ti«e  3y  class 

C YISHJM  6 

105  flt=flthh«sortr 
LnES  = LlNES*2 
ISORTaISORT»Sf)RTR 
IF(ImisN0(Y).£0,IDU^1)G0  to  79 
lsl*l 

IOU'-'  = T"IS‘'JD('') 

79  Fi.T2CS  = FLT£CS*FlT 

80  CO'JTI'.UE 

c total  flight  TIhf 
8!  TFlT=FLT2CS 

aRITE(6,  1 107)  IS0RT,TFLT 
IF (lOIV.EG.PjGO  TO  90 

hRITE  (6, 106)  niv 

DO  109  Ji:l , lOIV 

109  ^RITE  (6, 1 1 0)'-NU«( on  ,LSU  (J1  ) 

90  CONTINUE 

99  FORHAT (////, TR, '•*»  PAYLCAO  CO^STRAI^En  **•  ' //T 1 0 , ' yax  SEATS  UTIL 

IIZED  I5/T10, 'YAX  litters  ' , 15/T 1 0 , ' A VBUL AT  OR Y SEATS  • 

2.--', 15) 

100  FORMATdHl, ////////, T8, 'aircraft  . ' , 2 X , 3 A A / T 8 , ' C L A SS  • ',12, 

1 ///T8, 'PAYlOAD  ..........'de,  ' LRS'/T6,'CRU 

2ISE  SPEED  (<«PH) '/T12, 'UT£R\Ai.  1 5/ T 1 2 , 'E XTERN AL 


I 


' , 'CirltJ  MV  1 1 0, 'f  LDOW  Akti 

ai5,'  S3.FT,  VTin, OF  SiATS  1 S/ T I 0 ,*  OF  LITUR 

SS  15/Tj?, 'AvbuLATOAV  ,S£ATS ',1b) 

108  F0««AT(TU0,  I?,  ' MISSIO'S  S-OJLO  OtltTEO  OfJ  BASIS  0F'/T36,'UPIV 

IISARlE  loads  CWFATE^  TrA'  ^AVLOAD  CAFaBILITy') 

226  no  FOS^ATCTai, 'VISSIOL  vriilOVVOAO  .M  ',15,'  LBS'5 

227  1 101  F0S"AT(///////T5, '-nSSIOI'.'.TBO, 'leg  NUMBER  OF  CARGO  I 

ANDV', 

1 /TJ,'NO  type  CLS  type  ND  2IST  PAX  LITS  POUNDS  LOAD  SC«T 
PIES  FIT.  MRS,',/) 

22S  1104  format  (T2, 13,  Un,2  (2X15)  ,2X12,  1X14,2(1X16)  , 1X18, 1X15, 1X17,  IX, 

lFll.3) 

229  1107  FORMAT(TS8,I7,lX,Fn,5) 

230  return 

251  END 


} 

^ \ 


90 


r 


252 

235 

23<l 

235 


3Ur}W0')TI\E  QjFlJf:  (PTTLU,  T0TIvE,PAvAU,in.SN0k,NFL4&,^TlLU,Z4v4IL, 

1 ZJTK5,ZVAIl5, -urZ) 

• m 

-•EXCESS  OF  CO‘-‘'*‘t  rjT/FnHTWAv  CAkDS  DUE  TO  If.PUT  I^STEAD  OF  CALCULATED  NQRS 

DI'^E\3I0r>l  ELOw(7)  ,HIG><(7)  , N-tAO(?,  ^)  , 'JU'^STH,  5)  , 

1 NCRE«(2,2),  IMvL(2,4),  IE '^DT  n ( ^ ^ , Ni  JN I TS  ( 2 . 2 ) , 

? XRE0RDC2) , XXO(25  , XXnAI  T (2)  , XXNU*''(?)  ,XXTI^E(2).XZt23, 

3xT/VTIM(2),XTDTIM(2J,x0\0«.v(23»x0\0RT(23,f.x(?),TIv,Fx(2), 

OXT3F(2),F4(100) 

common  ILTC100),INLEGS(100).ILGniSC100)»r-ISNOC100), 

1 ImTyPCIOO).  IMPdOO),  InPASClOO), 

2INLITnOO),INCAR(10n),ICLStTCCO.I'‘LOADtlCn) 

DATA  ELOx/1, 2, 1.1. 1.05, 1.01, 1.001,1. 0001,1,00001/, 

1 HIGh/,8, ,9, ,05, ,90, .OOP, , OORR, .RRROO/,  NmEAD/'N  0 ','N  0 ', 

2»P  M ','R  s '/,  NIJMS/'TO  4', 'NO,  F S', 'SPAR', 'HE  ','ES  '/, 

3 NC«£a'/'C»Ea',  ' ','S  '/,  INTyL/'MTTR', 'REOR',  ' ', 

U'DEH  ','  ','TIME'/,  LENGTH/'hOuR', 'DAYS' , '3  '/, 

5 NJNITS/'yEN  ','SPAR','  ','E  '/ 


23b 

real  NUM, JM, r ACTM 

237 

NZFLAGsO 

233 

c 

50 

NEaF  I.GSO 

REAnt5,55)Nxn),XTBPtn,TlMEX(n,TUlL,AC,NX(2),XTBFt2),T:MEX(2) 

259 

50 

fiEADt5,55)NX(n,XTriF(n,TIMEX(n,TUlL,AC,ZZN0RS,IBER,LR 

2U0 

IF(NFlAG,EQ,03  .vXYZ  = TUIL 

291 

r 

55 

IF(NFLAG.EG. n TUILsaXYZ 

FOR'^ATCI2,F9,4,Fd,2,F5,1,F5,0,I4,RR.4,F6,2) 

292 

55 

FOR'^ATC  lE,F9,4,F6,2,F5,l,F5,0,Fa,l,2n  ) 

293 

TIMEXT  1 )sl  ,/TI'-‘tx  C 1 T 
TIMEx(2)=l ,/TINEXt23 

294 

c 

N0TFlGs5 

IFCNxm,GE,NXC2)5  NKNTsNXn) 

c 

IF(Nx(2),GE,NX(1))  NKNT=NXC2) 

245 

NXNTiNX ( 1 ) 

246 

call  FACTORCNMNT.FA) 

247 

GO  TO  70 

243 

60 

TUIL*ZUTIL3 

249 

NEaFlG»1 

250 

70 

00  4200  XL=1,2 

251 

IF(Kl.E0.2)  go  to  4200 

2S2 

UTILsTUIL 

255 

TImErTImexCMLT 

254 

IFtKL.E0,2)  TIMEsTImEX(KL)/2«. 

255 

N*NX(KL) 

256 

TIlUsUTIL 

257 

IF(N,EQ.l ) GO  TO  lOnO 

253 

RE0P0R=(1,/TIME)/24, 

259 

TBR=1,/(672/(AC*UTIL/XTBF(XL))3 

260 

UTILal)TlL*AC 

261 

LINES=C 

262 

ULAM=T3R/TIme 

263 

M=N»1 

264 

SUM»1 ,*UL4M 

265 

IF(N,EQ,2)  GO  TO  110 

266 

00  100  1=2, « 

267 

UMaFA(I) 

263 

AULAm=ALOG(ULAM) 

269 

AULAM=4ULAM«I 

270 

0UMBAUL4iM«UM 

271 

IF(0UM,GT, 174,673)  GO  TO  115 

91 


r 


272 

27i 

274 

275 

276 

277 

278 

279 

280 
281 

282 

285 

284 

285 

286 
287 
289 

289 

290 

291 


SU^C^KiALnStSU^') 

IF(SIZCH8.6T.174,673)  GO  73  115 
3u'<=F<9(ou--n 
100  SJ''  = 3U''«0L|M 
110  XUL4«=AL0G(ULAM) 

XULA'''  = XULAV«'J 
Ij“sFA  (N) 

X N X = N 

XYZs'^.TIMt-TBR 

C..«.-POTf,NTIAL  IMFIMTF  OUE  u£ 

IF(XyZ,GT,0)  go  to  113 
IF(NFLAG.EQ.O)  GO  TO  5026 
a9ITE(6,5100)  TUIU 
MalCOOOOO 
GO  TO  4800 

113  TE«P  = -J«*  XUtAM  ♦AlOG(XMX)4ALOG(T!ME).ALOGC(XYZ)  J 

TEw2sEXP(TE“8) 

Zxl  ./CS'J'-WTEvp) 

GO  TO  120 
115  Z=0,lE-75 


292 

293 

294 


295 

298 

297 


293 


299 

300 


30  1 

302 

303 

304 

305 
506 

307 

308 

309 

310 

31  1 

312 

313 

314 


calculate  repeated  values 

: 3UEUE  1 

120  ULA-olsCALOGCULAW)  5»M 
ULA'^2=(lJ*TI''E-TBf!5«»2 
FACTv  = fac\>) 

C"»«»-ex?ecteo  q length 
: QUEUE  2 

xQ=AlOGCTPR)*AlOG(TIwE)*  ULAvn  *aL0G(Z)-EACTm-al0G(ULAV2) 

XQsFX=(XQ) 

IFtXQ.LT.O)  GO  TO  5026 

expected  NIUM5EH  OF  UMTS  IN  THE  SYSTt^ 

: QUEUE  3 

XNU'‘'  = X3  + ULAM 

C..-..EXPE CTtO  waiting  T1P£  CE  AN  ARRIVAL 
C QUEUE  4 

XwAlT=ALOG (TIMEl*ULANN+ALOGfZJ-FACT"-ALOG(ULAP25 
XwAITiEXP(XwAlTl 

C--.-.EXPE CTEO  TINE  AN  ARRIVAL  SPENDS  IN  THE  SYSTEM 
C QUEUE  5 

XTIME=XWAI-*(1,/TInE) 

GO  TO  1010 
C. IF  Nsl 

1000  XO=CT8R**?)/(TInE*{TIME-TBR5) 

XNun=T8R/(TI“E-THR3 

XAAlT:TBR/(TIvE.(TINE-TRRn 

XTINt 

Z=1 ,-(T8R/TINt) 

1010  REORn»=REORPR*24 
C QUEUE  6 

xFAIlS  = 'JTIL/XTBF(KL) 

C QUEUE  7 

TwTlNf =XaAIT*XFAILS 

: QUEUE  a 

TDTI''EsXTI>’E  .xfaILS 
IFC<L.EQ.2)  TDTIve  = x,-.AIT*xFAILS 
C QUEUE  9,10,11 

OONORasTaTInE/(aC»24»28)*100 
OONORTsTOTI«E/(AC«24»26)»1 00 


i 

( 


i 


92 


515 

nri.r/ 

51b 

? = T59/CJ«TI''E  1 

51  7 

A S % 

515 

3 = ^ 

519 

1=1 

i?0 

P s G <t  7 

5?1 

TnrAi_sT0T9-»?i\ 

S^^ 

I''(5.E').i)  r,p  in  .''ifio 

l?i 

9ino 

CONTI'IUE 

5?<* 

X9£C'Sn(KL)sBEORD» 

5?5 

XX0(<L)=XQ 

5?5 

*X.-,AIT(KL)sXaAIT 

5?r 

XX'»U'^(3L  )=XMu'< 

5?5 

XXTI'^E(kl1sxtI'‘E 

5?9 

IE('<l.Ei'5.2)  XXTr-'tCKDsX.'AIT 

550 

xZ(KL)=2 

531 

xTrtTl''(<L)sT.'.f  r-E 

532 

XTOTI«(KL)sTi:Tr^c: 

333 

X0'J0»AC9L)^fJp^.oR,‘. 

539 

XO'.ORT(KL)anOfjOR7 

3 55 

“u2no 

Cn-;TIV.;F 

r* 

TOTnT  = XTr)TI'-‘tU*XT'JT:“'iti>J 

33s 

TnrDT  = xT  ,TIa<(  n 

c 

U9IEUE  1? 

33T 

AVAlL=10  0..tTDTDT/'(h72. *901*100, 

335 

ZVAIl3=AvAIl-7ZND«3 

339 

IEC5EaE1.G,EJ.  n 3H  TO  6000 

3-0 

IE [NFLAr..E'9.ol  r>ts->nA  = TnrOT 

5-1 

IE  (fJEUAr..E0, 01  GC  TO  5^30 

39  2 

IE(>.ZELAG,i3. 1 1 GO  TO  9300 

393 

ztilu=tuil 

3';  9 

ZAvAIL  = AvAIt-ZZ‘'ICR3 

395 

NZELAG=l 

'Sidb 

9500 

DESOTsCESMOS 

397 

M=TOTDT«10. 

593 

7i2  = DfcSDT*I0, 

399 

IE(Nl  ,tC.5'21  GO  TO  50?C 

350 

m 

GO  TO  (9500.9900/99001 .NOTELG 

.00,^N.TI«E  L0"£9  T6A9  DESIREO  ON  FIRST 

PASS 

351 

9900 

I*^(M  .GT.N2)  GO  TO  9600 

352 

ufLSA'/sTulL 

553 

NDTFLGrl 

35  9 

XNTDLTil 

355 

9500 

IE(Nl  ,LT.'  31  go  TO  9550 

35b 

9525 

K'MTOlTsx'.TDLT*! 

357 

UTLNE.'.  = OlOjTL*ELUa(KNTCLT1 

358 

GO  TO  u575 

559 

9550 

UTLNE.'<  = UTLSAV*tLOW{'<NTDLT) 

3b0 

OLOUTLsT'jIi. 

361 

9575 

TlJILaJIUStA 

3b2 

UTlSAvsTjIL 

36i 

GO  TO  70 

w 

■ DOaNTI’-'E  higher  than  DESIREO  on  FIRST 

PASS 

369 

9800 

UTtSAVaTJlL 

565 

N9TFlG=2 

366 

RNTDlT=1 

367 

9900 

IF(N1,GT.N31  go  to  9R50 

93 


I 


3bS 

lh5 

370 

371 

372 

373 
37« 
375 


37b 

577 

37S 

379 

380 


551 

382 

3»3 
3R9 
3 55 
3o3 
'57 
353 

389 

390 

391 


392 

593 


394 


395 

39b 

597 

398 

599 

uno 

401 

402 

403 

404 

405 

406 


KMr)LT;i<«,TDLT*l 

IJ7l'  f •■•2nL0uTL*HlC,>'(K\TnLT) 

G9  TO  4975 

u9S0  ■jTLNf'.'.5UTLSAv»HI5H(KNiT0LT) 
OLOUTlsTuIL 
4975  TJIL  = JTL^E■^ 

UTlSAVsTuIL 
GO  TO  70 


;,.--.pbPT  SOU"  4\0  NO«S  GUTPjT 
55020  *9£C90(?)sx4ECRD(2)/24 
5020  CONTINUE 
C x.9ITt(b,  507n) 

00  5025  1=1,2 
IFtI.Eg.21  no  TO  5025 

A.9ITEfb,  5030)  AC,  TILU 

ABlTtfb,5010)  XTBftI),  tNJW9tI,J),J=l,31,  NX(!),  ( NC WE  a 1 1 , J 1 , J = 1 , 2 
11,  {INTV1.(I,J1,J=1,31,  XWEOROtll,  (LENGTH(I,J1,J=1,2),  xXOtl), 
2(NUNITS( I , J1 , J=1 ,21 , XXWAlTtll,  XXNU»7(I1,  XXTI^ttll,  XZtIl 
ASITEtb, 50151  XT.->TIW(11,  XTOTlXCn,  XONORa(H,  XUNDRTtll 

5025  CONTINUE 
C auEUE  12 

AOAIL=AVAIl-ZZNORS 
ARITCtb, 50171  ZZN0R3, AVAIL 
PTII.J  = TILU 

pavail=avail 

IF(NPLAG,Ea,l.AND.NEAFLG.E3.C)  GO  TO  60 
IFtIBER.Ea.l .ANO.LR.EO.n  GO  TO  7000 
IF(I3ER,E0, 1 . ANO.LM.NE. 1}  30  TO  50 
GO  TO  6000 

5026  69ITE (6,50751 

c 

C FORMAT  statements 

5000  FORMftTtlHll 

5010  FORMATt  T5,'mEAN  TI^E  BETWEEN  MAINTENANCE', 

1 T36,F12.u,3X,'w0URS',/T5,314,T38,15,7x,2A4,/ 

2 T5,3A4,T39,F8.3,3X,2A4,/ 

4 T5, 'EXPfCTEO  3UEUE  LE NGTH ' , T 39 , f 9 . 4 , 2 x , ' T A SXS * , / 

5 t5, 'Expected  waiting  time  for  ',2A4,t39,fr.4,2x, 'mours',/ 

6 T5, 'EXPECTED  NO.  TASKS,  In  SYsT  E"-' ' , T 39  , E 9 , 4 , / 

7 T5,'ExPECTE0  time  in  S Y S T E M ' , T 59 , E 9 , a , 2 X , ' hUURS  ' , / 

8 T5, 'PROBASIlITY  of  no  tasks.  IN  S YS T E‘"  , T a 1 , F 7 , 4 1 

5015  FORMAT!  T5, 'TOTAL  inAITING  T I ME  ' , T 36 , F 1 0 , 4 , T 50  , ' HOUR  S (FARS.  X 
lEXP,  .YAIT  TIME) ',/T5, 'total  DD.sN  T JmE  ' , T38 , F 1 0 , 4 , T50 , ' HOURS  t EAR 
23.  X EXP.  TRE  IN  S Y S . 1 ' . / T 5 , ' NORM-  A A I T I NG  ' , T38 , F 1 0 . 4 , T50  , ' X C TO 
IT.  WAIT  TImE/TOT  AC  cal.  HRS. 1 *,/T5, 'NORM-  TOT AL ' , T 36 , F 1 0 . 4 , T 5 0 , 
4'X  ( TOT.  DOWN  TRl/TOT  AC  CAL.  hRS.1'1 
5017  format C/T5, 'NDRS  - (I NPUT 1 ' , T 3 8 , F 1 0 . u , T50 , ' X ' , 

I //TS,'AVArLAHRITY',Ti6,F10.4,T50,'X'l 

5030  FORMATf  ////T5, 'NJMBEP  OF  A I RCR AE T ' , T40 , F 4 , 0 , / 

1 T5,'UTRIZATION',T40,F6,2,4X,'hRS/AC/MO') 

5040  FORMAT(Tl9, 13, T41 ,F7.4) 

5050  FORMaT(T41 ,F7.4l 

5060  F0RMAT(///T5, 'DESIRED  NOR  * , 2 X , F 7 , 4 , I X , ' X ' , / // 1 
5070  FORMAT(IHI) 

5075  FORMATCIhI ,///T3, input  PARAMETERS  RESULT  IN  CONSTANT  OUEUE.', 
1 ' EXECUTION  STOPPED.  ',//) 

5100  FORMATf/  T90, 'ATTEMPTED  UTIL,  OF  ',F5,1,'  HRS,', 
l/T90,'I8  TOO  high',/) 

STOP 

6000  RETURN 
7000  STOP 
ENO 
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UNCLASSIFIED  D210-H146-2  USAAMRDL-TR-77-17  NL 
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ADA042I34 


3.13«3UTI\E:  F.'.CT0»CK,F4) 

D!'(FNSI0M  F4(lon) 

IlTCIOO!  , INLE53(tOO) , IL33IS(U03 , ImI3nD(100)  , 

1 nTyPCion),  i«o(ioo),  u.PAsnooj, 

? lNUT{100),INC4R(lOO),ICl.SnOO),IMUiAOnOO) 

FA(1)=0. 

CO  10  I«2|N 


10  FA(I)=F4(I-n*AL0G()() 
RETURN 
END 


1 


U)  S SiHtJQuT  l:.t  I^rC'‘^P(•■'^laTTl  , ra,  ■'(10T  I S.-'HOn  J,MlvnL,'.U'''EA.MOLTCT, 

1  ^Ei'.Tn^,LaC''^H.VAC''PH,^4Cl^P1'f■<.^V«,'^0L.'|■'lL,LPLAG) 

«1T  OI!t'-SH.''\  ‘'0«C(2aO),  >'C1UT  1 1.  ( iUO } , lACKJP''),  I '.'C2  ( <;«0  ) , '.A  “£  f J ) , 

1 INCiCauo)  ,ni,»ATt  (3)  ,E  a«AT£{  5)  .Nj«OL  (?0,  3)  ,*.U«E«(?0.3)  .f-OLTOT  (3) , 
1 \£ATnT(3),NPMYR(20#2) ,FACT3^(20) ,NOL(20) ,Nn£(20) ,NY(2) 

«I8  cr)'>'‘0'l  ILT^0O),I^LEGS(100),lL^,f)ISC100),I■■■IS^D^00), 

1 lYTYPClOO) , Ivr'Cl  00)  I lAPASn  00) , 

2 INLIT(10'l),INCAPfin0),ICl.Sn00),IYLUAO(lO0) 

AJP  data  YY/'  YfS'/'  NO'/,'<OA:/2UO*0/ 

020  00  500  Is), 20 

021  DO  300  J»l,3 

022  IF(J,NE.3)  NFHYP(I,J)bO 

023  NU><OLniJ)30 

020  300  NU'<Ea(I,J)iO 

025  P£An(S,U00)  ''ONT‘JS,NACSTP,'JOLVCD,'*OnLV,^‘OS,NOtAPD.«OSTPT, 

A >JFHC0,«0Pm, 

1 ''OOTTO,  (0LPATP(n,Ei''PATE(n.lBl,3),NAM£ 

02S  RE  AO  (5,010)  nSCDl  .LEVELl , YEVEul  .«0DTT1  ,o.“ST»T,LOCAL,irjPlP, 

1 ACATR,NC0'"P 

027  JFILOCAU.EO.O)  LDCAU=1 

028  IFaiNPIP.ED.O)  LT'PIPbO 

02P  IF(ACATP,E3,0. ) ACATRS2. 

U30  IF{NolvCD,£D.O)  NDLVCD=2 

031  IF(NDLAMO.Ea.O)  f.nL---vD  = 2 

032  IF(^Pr(C().Ea.O)  fJFHCOo? 

033  IF ( INSCOI .EO.O)  INSC01=2 

030  IYRbv.ONTHS/I  2 

035  Ol.'«7BPxOL»ATt  (1  ) 

036  EA0TSF=EaRATE(1) 

017  OOO  F0P“AT(I3,lo,Il,I2,I3,Il,I5.n,I3,IO,b(P7.1),3A0) 

033  010  FOR«AT(I1,2I3,IO,I3,2I2.P6,?,I2) 

03P  APITE(6,2000)^AVE,''■O.^.T^■5,Y4:STR,YY(^Dl.YCO),«OOLV,MOS,^Y(^D^.<«*'D), 

1 mqSTRT,  ^YC^FMCO),  ''OFM 

ooO  aRITE(6,2001)  yoOTTo,  NY(INSCOl),  LEVEUl,  «EVEll, 

2 YOOTTl,  YMSTPT, local, LlN®I», ACATP, 

3 {QLPATE(I),Eo«ATE(1),I*1,3) 

c 

DELIVEPIES  are  at  a CO'iSTAVT  RATE 


urn 

IF(NDLVCO.ED.I)  go  to  525 

002 

IF(MOS.EQ.O)  GO  TO  575 

itui 

00  500  Isl,'<OS 

UtiU 

500 

MOAC(I)*MOOLV 

ooS 

GO  TO  575 

"IF  DELIVERItS  ARE  AT  AN  IRSEGJLAR  RATE 

Uub 

525 

Ks«0S/20 

007 

L = -23 

009 

vaO 

050 

IF(K.LE.O)  go  to  550 

051 

00  535  I«t,R 

052 

L*L*20 

053 

050 

535 

READ  537,  (YOAC(J) , J*L,*Y) 

035 

537 

FOR^ATCPbli) 

056 

550 

L«L*20 

057 

058 

READ  537,  («OA:rj),JiL,«) 

c.—.. 

•IF  FlT.  HRS.  ARE  AT  A CONSTANT  HATE 

059 

575 

lF(NFHCO.Ea.l ) GO  TO  625 

060 

00  600  Itl, months 

96 


U*.l 

600 

vluTIL (I)=“0F« 

GO  To  b T S 

c. 

■ • • • < 

• IF  FlT.  mbs.  ABE  AT  AN  IR9E5JI.AR  RATt 

Ubl 

625 

KS'<0\THS/24 

U&U 

8RE^  = ''0MhS-(8«J4) 

465 

Ls-23 

Ubt 

v^sO 

IFCK.LE.O)  go  to  650 

468 

00  635  1=1,8 

46? 

LSL+24 

470 

Ms ^^24 

471 

635 

REAP  537,  (MOUTILtJ), JsL,-) 

472 

650 

L*L*24 

473 

wrw^KRE'^ 

474 

READ  557  , ('"OUTILt  J)  , J*L,«) 

c* 

•installations 

w ' 

• •••« 

•CONSTANT  RATE  - LEVEL  1 

475 

675 

IFnNSC01,t0.1)  GO  TO  725 

476 

DO  700  I=1,NONThS 

477 

700 

INCl  (DsLEVELI 

478 

GO  TO  775 

c* 

■ • • • « 

•irregular  rate 

479 

725 

8=«EvEL1/24 

4B0 

KflEMa«EVELl-(K»24) 

481 

L*-23 

482 

MSO 

u9  i 

IF(K.L£,05  go  to  750 

li^ii 

00  735  1=1,8 

495 

L=L*29 

496 

MSM424 

467 

735 

READ  537,  {In:1(J),J=L,M3 

488 

750 

L=t+24 

489 

MsMtKRE*^ 

460 

READ  537,  C I NC 1 ( J ) , J = L , M) 

u<91 

775 

looflsso 

442 

NE^FlSsO 

U93 

LOC»'FHsO 

4Q4 

NaC“FhsO 

UQS 

loore«=o 

496 

iNmREbsO 

497 

NACsnACSTR 

448 

itmsol=nacstr 

499 

I TMSNviO 

c< 

•«AJCH  LOOP  - (wONTmS) 

500 

DO  1001  J=l,BONThS 

c< 

,.,..4IRCB4FT  still  HtlNO,  OELIVEBED 

501 

IF(J.GT.mOS)  go  to  895 

502 

NAC=NAC»vOAC ( J) 

503 

IF  ( J,LT.''0STRT)  go  to  840 

504 

IF(Mq0TT4,LE.0)  go  to  840 

505 

IF(NDL.7«0,ta.l)  IT4SNwaIT''SNATMOAC(J) 

506 

885 

M0DTTU="00TT4«M0AC( J) 

507 

890 

IF(N0L.T40,NE,n  IT“S0LsIT8S0L*40AC(J) 

508 

IF{NOLW4D,EO,l.ANlD,><OSTHT.GT,J)  I TMSOLsI  TMSOL6MO  AC  ( J) 

c< 

• FLT,  HRS. 

c 

INCORP  1,3 

509 

895 

L0DEh*ITWS0L*40UTIL(  JItLODBE'^ 

510 

NAFHsIT4SNn»vouTlL(J)*NHRE8 

51  1 

LOCHFh=LOC«Fh*  (ITRSOL«nOUTILC J) ) 

97 


C-.-.-F*  ILU'JF.S 
C I'JCO^P  ? 

''LDF  LS  = LOClFw/nL''TRF 

LODBE'*  = LOOFm-(MLDFlS»OL“T8F) 

LnOFLS  = LFjOFLStMi,DFLS 
IF (tAVfPF ,GT.05  go  to  P950 
VNaFLS=0 
GO  TO  8951 

8950  wS.\Fl3  = NaFH/EamT6F 

8951  MA9EP  = NAFH.(viN,rtFLS«EAMT8F) 
NEaFlSsNEaFUS*mNaFL3 

— .,rEA»LT  failures  (CU"^) 

YRaJ/12, 

«YS|  = Y9  ^ 

BE'te  Y9-“Y9  _/ 

IF  (RF^t.NE.O)  GO  TO  898  / 

00  897  LSI, 3 / 

IF(0l9ATE(L).LE.C)  go  to  896 
NJ«Cl(PY8,l)«lOC'^FH/CLMATE(LJ'' 

896  IF  (E.iRATE  CL)  .LE  .0)  GO  TO  897 
NU'‘EA(‘'1YS,L)sNftC«FH/EA»AX’cL) 

897  COMTI'gaE 
yearly  FlT,pr3, 

IF(VY«.F0.1)  ‘.ThYO^vyR,  n s.OO'^FH 
IF(«.'yR,EG,1)  ^F^(PYR,^)s^,^:'<FH 
IF(MYR,^E,1)  S8<hyR(>'YR,  1 Js.OCYFH.LOPkEV 
IF  (“YR.'JE.  1 lAFMYRC'^YR,2)*‘jAC''FH.f,rtPREY 
LOPMEVelOC’YRm 
\a?R£v^-.'X'*f-i 

..,..I\C0RF-JRATI0\S  OR  I'.STaLLATIONS 

Lf^a  1 

89a/'IF(*'OOTTl.LE.O)  GO  TO  910 
IF(J.LT,y«STRT)  GO  TO  910 
^ IFCIT-S0l.lt, U.CICJ))  GO  TO  905 
IT-SS.ys1T-S'Ja*I'.C1  C J) 

IT«5CL3lT-'30L-r.:i  CJ) 

-OOTTI s-UOTTJ.l\Cl  CJ) 

GO  TO  910 

90S  IT-SyasIT-S‘J/*ITySCL 
mOOTTIs-OOTM-IT-SOL 
IT-30LSO 
910  CONTILuE 

1FC»E-.EO.O)  •uOlC“y9JeITmSOL 
1001  IFCRE-.FO.O)  G'.t  CPYR)sITmS\/( 
NAC»ITV30L*IT-Sna 
; — ...FAILURES  BY  year  CNOT  CUM) 

: ncosR  6 

00  1005  :*t,3 
NOlTOTCDsMIMOLCI,!) 

1 005  NEATOTCnsNU'-Ertll.n 

•YSBI 

1010  \*N»1 

IFCN.EQ.l)  SO  TO  1050 

00  1025  I«l,3 

M»\-l 

SUMOt(N.I)*MUMOLtN.  D-'-UMOLtY,  I) 

NU-CsCN,  ni‘4UME8CN,  I )•^UME^CM,  I ) 
IF{NU“0LC9,n.LE,0)  9U-OL(Y,I)sO 


I 


i 


If  rt'Af'.,  D.LE.fl)  MI^'F,->f'.,,n=0 
''nLr;T(n  = -.r’LTUT(n»Miv0L{\,  I) 

';f  .NT.iT(I)»\EATUT(n*MiVf  A(NJ,n 

CON.Tr.jE 

GO  T'J  imn 

STOTf  ■^:LClCvEn*‘..\C’‘i-  H 
-CftLCJLATE  S°i»ES  A'.D  ATTSITED  AC 
INJCO.?P  3 

IfaFLAG.ES.n  NACAT5  = LOCN'f’</10f'000.*ACAT» 

IF(LFLAG.E3.2)  \ACATP  = -.aC''F  ■‘/'lOnOITO  .oACATS 
IMCOSP  u 

SPPn.(S={LOCAL  + LI'''.PIP)*(^TOTPH/>.n'iTHSI 

T.SPA.TSSO 

SPAWS»0. 

IP(nLRATE(2).GT.O)  SPaPSaSP^hpS/0LPATE(2) 

IF(AiEaT0T(2)  .NE.O.  AND.EINPATEC2)  .GT.O)  SPaHS»3PPH«S/E«RATE  (2 ) 
NSPA^S:SPA»S 

IP(NSPARS.LT,NC0‘':P)  GO  Tc  1100 
IP(N3PASS.EG.\C0V.P)  go  to  1200 
SPAPES=3PARS/\CQVP*.5 
.VSPARS  = SPAR£s 
GO  TO  1200 
\SPASS  = NCON'P 

«RIT£(6,2100)  (^OI.TOT(n  rJEATOT(I)  , 1 = 1,  J) 


rtRlTE(6,2050)  LOC  »'P  H , Nv.C  n'F  H 
'\RlTE(fc,20bO)  OSPARS,  ^ACATP 
-P0RW4T  STATEvEnts 

PORMATCIhI ,///T2,  '«nniElCATI3\  UCnfiPORATION  DATA 


t 

///T5 

, 'I  N P U T S 1 ', 

//T3, 

'NO.  OF  months  in  sTjDV', 

T35,I«, 

? 

/TJ, 

'NO,  OF  components  In  fleet 

'.TJb.lii, 

5 

FT3, 

'IBREG,  OELIVERT  RATE  7 

',TJS, lAu, 

a 

/T5, 

'IF  CONSTANT,  DELIvS,  PER 

MO, 

',TJS,IU, 

5 

/T3, 

•NO,  OF  MONTHS 

',TJS,IU, 

h 

/TJ, 

'AC  delivered  aITh  aoo  ? 

', TJ5, IAr, 

7 

/TJ, 

'START  MONTH 

•,TJS,IU, 

e 

/TJ, 

'IRREG,  utilization  ? 

',TJS, IA«, 

Q 

/TJ, 

'FLT.  HRS. /comp, /mo. 

',TJ5,I4) 

FORMATC 

A 

TJ, 

•total  AC  CELIV.  aITh  mod 

•,TJb, 14, 

9 

/TJ, 

•IRREG,  FIELD  MOD  INCORP, 

rate 

?',TJ5,1Ai4, 

C 

/TJ, 

•IF  constant,  incorps,  per  mq. 

•,TJS,I4, 

D 

/TJ, 

•IF  IRREG.,  NO.  OF  MONTHS 

',TJS, 14, 

E 

/TJ, 

•total  incorporated 

',TJ5, 14, 

F 

/TJ, 

•START  MONTH 

•,TJb,I4, 

F 

/TJ,' 

QTY,  SPARES  ON  haND'.TJS, 

IR,  ' 

MONTHS', 

F 

/TS,' 

GTY,  PIPELINE  SPARES', T35 

, 14,  • 

MONTHS' , 

F 

/T3,  ' 

COMP,  attb,  RATE/ioonao 

HRS,  • 

,T36,Fb,2,// 

G 

T22,  ' 

OLD  item  NEa  ITE«',/TJ, 

•MTbF 

•,T?J,2(F7,2 

H AVlM',T22,2(E8,2,JX),/Ti,*>'TaR  TO  DEPOT  ' , T22 , 2 ( P8 , 2 , JX  )) 

2050  FORMATC  /TS.'FLT.  HBS . " , T22 , 2 ( 1 6 , 5X 1) 

2060  F0RM4T(//T3,  «IMT.  SPARES  REG,  PER  LOC  , ' , T2R , I « , FT  J , 

1 'CONiPS,  ATTrITED*,  T2R,  lu) 

2100  F0RMAT(/////TJ, '0  U T P U T S I ' , //T22, 'OLD  ITEM  NEW  ITEM', 

1 /T3,'M4IVT.  ACTIOTJS  AT',/T3, 'AVJM',T2i,2fI7,RX),/T3, 'AVJM', 

2 T23,2(I7,4X),/T3,'0EP0T',T23,2(I7,liX)) 

RETURN 

END 


J 


5<)S  S.iHROUTI'.'  Z:nST(MjwnL,NU«E.-.,’‘iaUTnT,NtrtTOT,  JFUAG.LOC^Fn.NwCMFH, 

( OUT,  COS  T,  NFrtYH.znr,  WEST,  NCrt^yF,  T^wPP) 

59«  COMMON  lLTn  00  3 ,INLFGSn00),IUGPISn0O),I><I3NO(100), 

1 lytYPdOO),  IwDClOO),  INPAS(IOO), 

? I'.LIT  1 100) , I^C»R^CO) , ICLSnOO) , I /LUADt  100) 

505  OI'^E'.SION  HV«(5),PiRTS  (Jl.SOCPP  ( iO  ) , OUT  ( 60  ) , NC  OOt  ( 5 ) , F AC  TOP  ( 20  ) . 

1 'JPDC5),  .I\C20)  ,MP(20)  ,rviF,iYPC20,2)  , NOL  TUT  C 3 ) . Nf  a TO  T ( 5 ) , 

2 H'^Vy(i)  ,PAPT3‘\C5)  ,N'JM0l(20,  i)  ,NJMEwC20,i)  ,COST(20,  J)  ,ZOM(20) , 

5 aATLA3(J),NY(2) 

506  DATA  ^Y/'  YFS'i'  NOV 

507  00  20  1*1,60 

508  20  OUT(I)»0, 

500  DO  25  1*1.20 

600  on  25  J=1,J 

601  25  CnSTCI,J)=0. 

602  WESTsO, 

C.....PEAO  OPESATIO^AL  COST  OATA 

C 

C»»-»-3UFFIx  CsCD'-TOACT,  I = IN-hQJS£.  ObOLD  ITEM,  N*NEW  ITEM 
60S  REaO(5,100)  'JCL,C«ATt,6MM(3).PAPTS  (3), PARTS  (1 ) , hMM  ( 1 ) , POLP  A , 

1 PARTS  (2) ,RMM(?) ,lBSD 
600  POL=JDL 

605  POl*POi./100. 

606  POlPA  bPOLRA  /h.7 

607  REAO(5,100)  NDL’-i,CRATEM,HMMN(3),PAKTSN(5),PARTSM1  ) , hMMN  £ 1 ) , 

1 POLRAN,  PARTS'.£2),HMMFi(2),i.08N 

608  READ£5,105)  NOCPm 

600  POLAisMOLN 

610  pDlGbOOLN/ 1 00 , 

611  P0LRA^BP0LRA^/6,7 

C...— oEAO  comstant  factors 

612  RE  AO  (5, 110)  OHD , GN A , PROF  I T , XPORTC , ( R ATlAB ( I) . I P 1 , 3 ) , XPORT I , C JP , F I 

613  IF(0-^0,E(J.01  OHD^lRO. 

610  IF(G\A.F.Q,0)  GNA  = 17, 

615  IFCPROfit.EO.O)  PRQFITbIC, 

616  IFfXPnRTC.EO.O)  XPURTCbIT, 

617  IF(R4Tla3(1).EU.O)  R A T L AG ( 1 ) = 1 0 , 

613  IF(RATLAri(2) .EG.O)  R A Tl A8 ( 2 ) * 1 1 . 

610  IFtR4Tu4rt(3).EQ.O)  R A TL AS ( 3 ) s 1 3 . SO 

620  IF(XPORT1.E'.1.0)  XP0«TI  = 13, 

621  IFCCJP.EQ.O)  CJPs.45 

622  IF(FI.FO.O)  FIslO, 

C--..-PRI\T  [''PUT 

6?3  IFCJFLAG.EG.O)  aRITE(6,2000) 

62U  IF  ( JFLAG.EC.  1 ) Y.  R I T E ( 6 , 20  1 0 ) 

625  aRJTE  fb,21  00)  OHO , GfO  A , PROF  I Y , X =DRT  C , XPQRT  I , R ATL  AB , C JP  , F I 

626  WRITE  (6, 2200)  NOl,NOL'v, CRATE,  CRATE. Y,mMM(3)  , HM^N  ( 3 ) , hMM  ( j ) ,hmmn(i  ) , 

1 ,hM'^N(2)  ,P4RTSti),P4RTSr,£3),PARTS(l),PARTSN(l).PARTS(2), 

2 PARTSN(2)  ,LESO,LBSN,POURA,POLRA»J 

627  OHO  = QHO/100.*1  , 

628  GMAaGRA/lOO. 

620  PR0FIT*PR0FIT/100. 

630  FIsFt/100, 

631  WRITEC6.2300)  ( I , NOCPM ( I ) , I b 1 , 20  ) 

632  IF(JFLAG.Ea.O)  GO  TO  200 
C.xa.REAO  RtO  COSTS 

633  REA0(5,115)  OUT { 3 ) , UCODE ( I ) , 0 JT ( 4 ) , NCQDE ( 2 ) , OUT (5 ) , NCOOE C 3 ) , 

1 OUT(b),NCODE(a),(OUTtI),Is7,R),OUTCn),  OUTCD.NRDEST 

634  SUMPO, 

635  DO  30  131,4 


100 


bSI 

bl8 

6tO 

b«l 

blil 

bu'-i 

baS 

bUb 

bU7 

b4S 

b49 

bSO 

bSl 

bS2 


b53 

bb4 

bbS 

b5b 

bS7 

b58 

b89 

bbO 

bbl 

bb? 

bo3 

bb4 

bb8 

bbb 

bb7 

bb8 

bb9 

b70 


b71 

b72 

b73 

b7U 

b75 

b7b 

b77 

b78 

b79 


b80 

bA3 

b82 


J * ! ♦ 2 

If  (‘.:odf; ( I)  ,\E . n om r j)  =oj’’ c J) *3hu 

If  (flCT;;K(I).£T.Q)  fiCCnF  m=2 
30  S :"  = 3 )'-'*OJT  (J) 


If  t‘--J''EST  .85.0)  \R3fSTs2 
C..---R9INT  I'.Rjr 


.•.9  178  th,  2010) 


b9ITr(b,2u00)  t0U7(I),NVCJ:33f(I.2)),Ii},b),t0UTn),I«7,9), 

1 ojT  ( 1 n ,njT  ( 1 ) ,^Y  c‘j9D8ST) 

If  tOjT  (7)  ,8  a.O)  OUTt7)=SiJ'*.3V6 
SJ-':5J''*OJTt7) 

If(UjT(B).8a,0)  0JT(8):SjY»99afIT 

sa'issux+ojics) 

QUT(2)=SU'' 

OUT  ( 1 0)  iQUT  (in 

su«=s.i''«ouT  tin 


If  tOjT  t n .8tl.c  ) OUTtDsSu'' 

READtS.lOb)  \9D 

C...-,J?£AD  rvVEST'‘8VT  tYn'.Sf.Co'KSI CO.STS 

HEADtS,  120  ) a.n  t lb)  , ',0008  f 1 ) , OjT  t 1 7)  , ^JC□DFf2)  .OUTt  IP)  ,NCODE  t 3)  , 

1 DUT  1 1 9) , \C03E  t«) ,OUT  t2Q) , n:038  t5) ,OoT  t2l ) ,nUT  t22) ,OUT  t2u) , 

2 OUT  t m)  , MNEST 


SUYsO. 

DO  35  1=1,5 


J=I*15 

IfC^lCOOFtn.^E.l)  OUTtJ)sOJTtJ)*OHD 
If (NCnOE t n .80,0)  \CCCftI)=2 
35  3J‘'.=  SUY*OUT  t J) 


If  tM^EST.EO.O)  MFiEST32 
C.....P9INT  INPUT 

a9ITE  tb,  250  0 ) tOUTt I ) /NYtNCODE  tl-l5) ) , I = lb,20) ,OUTt21 ) lOUT  t22)  , 
1 DUT(2i),0UTtU),NYtMNEST) 

If (OUT  t21 ) .E3.0)  OUT  t2l )sSJY«5NA 
SJ'.'  = Sll'  «QUT  t21  ) 

lftO..Tt?2).ES.O)  DUTt22)ESu9*P»OfIT 
S'JY:?, .'•'♦OUT  t?2) 


OUTt 15)=SJY 


OUT(2i)=nuTt2u) 

SU''  = SU''*0UT(24) 

If  (UuTtla).EQ.O)  OUTtU)=SU“ 

BEAOt5,105)  Mh 

r,V8ST''8‘iT  BFCJfPIND  COST  DATA 

RE  AD  t 5, 125)  OUTt29),NCtlOEtl).OuTt30),NCOOEt2),OUTt31),NCODEt3), 

1 OUTt32),  NCOPEtU),  OUT t 33 ) , OUT t 3U ) , NUNITC,  0UTt35),  LBSC, 

2 OUTt3b) 

RE  AO  t 5, 130)  0UT(38)  ,0UT(39)  , %UMTI,LBSI,0UTt27)  .MREST.OUTCaO) 
SUV=0 . 

00  UC  1=1,4 
J=I*2P 

IftNCOOEtn.  NE.n  OUTtJ)sO'JTtJ)*DHD 
If  (NCODEtn.EO.O)  NC00E(I)s2 
40  SUBsSUByOUT ( J) 

If  tMREST.EtJ.O)  NIREST»2 

C»... -print  input 

bBITEtb,2bOO)  ( OUT t I ) , NT ( NC OOE t I -26 ) ) , I =29 , 32 ) , ( OUT ( I ) , 1 *3 3 , 3b ) , 
1 0UTt38),0UT(S9) ,OUT  t40) ,0UTt27) ,NY(NIREST) 

C»-»  — C0NTRACT  TRANSPORTATION  COSTS 
If tOuTt33).NE.O)  GO  TO 
If tNUNITC.EQ.O)  GO  TO  U5 
T0T»»T»NUMTC*LBSC 
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SNPf.TsTOT'.T/lCO, 

QUni3)sS-(P.'T.*PORTC 
«5  Su''  = S'J''*OUT(33)«OUTtl<i) 

IF  (OUT  ( SS)  ,EU,0  ) aUT  C35)cSJ'1»5\A 
SU«*SU«*OUT(3S) 

IF  (OUTC36)  ,Ea.O)  QuT  C 3ft  ) »3  J'' *P»OF I T 
SU«  = SU'<40UT  ( 36) 

OUTt^3)3Su'< 

C..  — .IN.MOU3E  THANSPtlRTATION  COSTS 
IF(OUT(38).NE.O)  GO  TO  50 
IFCNUNITI.EG.O)  GO  TO  50 
T0T"T3MJNITI*LBSI 
ShP«T3TOTRT/1 00, 

OUT(38)s3hP.nt«XPO»TI 
SO  OUT(37)=OUT(3B)tOUT(3<)) 

SUBsS‘.)«*UUT(5T) 

IF(OuT(?7),EQ.O)  OUTiaTIiSOR 
REAO(5,105)  NIR 
C.....PRINT  INPUT 

aRITE  t6,E020) 

arite (6,?7oo)  (i,Nsp(i),\iNtn,'iiR(n.i  = i.5),  (i.NiNcn.NiRtn, 
1 I»6,?1) 

J..... FORMAT  statements  - read 

100  F0RM4T(Ii,F5.3,Fo.l,F8.2,E!,,8,F5.1,E5.1,F6.2,F5.1,ISJ 
105  FORMATCIOIS) 

110  FORMATtSFfc.a.SFS.J.Fa.J.FU.n 

115  FORMAT(5tF7,0,Il),F8,0,Il,2FB,0,F3,0|F7,0,F8,0,in 
IJO  FORMAT  (u(F7,o,  II  ),Fh.O,  II  ,8F6.0,F7,0,F8,0.H  ) 

1?5  FORVAT(3(F7,0,In,F«.O,Il,2r7.0,I5,F7,0,I3,F7,0) 

1 30  FORMi’'tPF7,n,I5,I3,F9,0,n.Fa,0) 

C,...,;AlCu_aTL'  operating  COSTS 

r 

--contract  TRANSPORTATION  COSTS 

: zcosT  1 

200  NOO«C  »NOLTOT(3)*PDl 

';D3mCN:NEaT0T(3)»PDLN 
C ZCOST  2 

S-P.vTi  ,[)0->C  •2«LSSC'/100, 

S-iRATNrNOOMCN*2*L8SN/lO0, 

C ZCOST  A 

OUT(a6)=SMPNT*XPO»TC*SHPAT\»XOORTC 
C ZCOST  3 

«jROEN=nMn*GNA*PRnFiT 
OUT  (uh)3f);IT  (uh)  *BURnEN 
C-..-. contract  DEPOT  LABOR  X PARTS 
C ZCOST  5,0 

0UT(u7)3(\0nRC»Hv|M(^),(;RATE*N00oCN«HMMN(j),cR4TEM 
OUT(u7)=(UuT{47)+CNOOhC*PARTSt})TNDOhCN»PARTSN(3) ))»BUROEN 
DO  210  I345,R8 
210  00T(4U)=0UT(u«)»0UT(I) 

C,.,.. in-house  labor  X PARTS 
C ZCOST  7,10,11 

NDOHI  sMOLTOTCSI-NDOmC 
NDOmINiNEaTOT (3)»ND0hCM 
C ZCOST  14 

0UT(55)«ND0«I*omm( j)«raTlA3(3)*(ND0HI*PARTS(3)) 

0UT(55)»0UT  (55)*N00HlN.RATLA8(3)*H.v|MN(i)  + (ND0MIN*PARTSN(S) ) 

DO  225  lPl,2 

OUT(50)=OUT(50)*NOLTOT(I)»PATLABCI )*HMM(I) 

OUT{50)sOUTC50)+NeftTOT(I)*RATLAB(n»HM''Mi) 


i 


7?7  0JT(S?)ii)UTf5?)*'UH.70T(I).34STSf  n 

7?8  ^^S  0L/Ttb^)=i)llT(b^)♦^E-'7^T^)*?i^TS^(n 

: ZC03T  e 

C PClL 

7?7  OJT(SJ)  = (LOCvF-.P!'LSi*CJP)»(%'.C‘'EH»POU«AN.CJP) 

C ZCDST  7 

730  Ojr(sn=oaTf5a)«CUT(53j 
C..---I^-H0USE  TW4\3PflST4TIDN  COSTS 
C ■ ZCOST  1?, 1 5 

731  SHPftTs\DL'Hl*?«L«3D/100. 

752  S''P>'TNs'JnnH:\.2.LRSN/100. 

73  3 OOTfS'J  ) = (S-“*T«S^PaT\)  *X?OPTI 

734  DO  23S  1=1,20 

C ZCOST  IS 

735  235  0JT(5fc):CJT(S6)*'.nCP'^(I) 

73b  DO  2SO  I»50,Sb 

737  IE(I,r  :.52,OP.I.fcf3,S3)  GO  TO  250 

739  OUTtaOlr'.jTtuPJ^OUTd) 

734  250  CD'iTp.uE 

C ZCOST  Ih 

740  ' or  Ca3)  =0'iT  tU4  ) tUilT  CUP) 

• ESTIVATE  'TOS-OPE4'AT  I\G  COST  CATEGOkV  i'OUMS 
701  IPtJPLAG.EO.O)  TvvpPrn'.iTtusi-OuTISi) 

- d-'PLAG.EO.O)  GO  TO  2«0 

’ - vP:  T ■'"■‘(ip 

T I?  ( JPLAG.EO.  1 . A^C,^POFST  ,EO,  1 ) C uT  ( 1 ) = TE-'P  . , oS 

•’  3 IP  t JFLAG.EO,  1 .A.‘/Od  lOEST.Ei.  I J OjT(14)  = TEvp.,ojujfc7 

7-a  IE(JfL4G.Ea.l.A‘JD.M4tST.Ej.l)  OUT  ( F 7 ) sTEvp,  , 2t,9  i ay 

C,.... estivated  \0' -op  COSTS  PEP  TEAS 
747  IP (T'Pdest.eo. n (.PDm=ojT(n 

743  IP(M'.EST.EO.l)  MN(2)=0JT(14) 

744  IP^^I=f.3P.^E.  n GO  TO  2F0 

750  DO  2TS  -JAl.S 

751  275  v!4{'.)=OuT(27)/j, 

752  2B0  DO  1000  1=1, ?0 

C.-..-yE,\PLX  OPFPATIT.G  COSTS 

contract  TRA'.spppTATin;,  costs  to  depot 

753  00^*CD  = Vu”0E  ( 1 , 3) -POL 

754  DDRC-.  = Mi"E'.  ( 1 , 5)  •PDln 

755  S-^P'WCp  DD-TD*?. 1.530/  1 00  , 

75b  S'^P'^TNp  DOhC\*F*4.55N/1CO, 

757  Cn3T(I,l)=Cn5T(I,l)*t(SHPATO*SMPATM.»POwTC) 

C... --DEPOT  LABQS  ado  parts 

758  COST ( I , 1 )=COST (I , 1 ) ♦(  DOHC D*1^v ( 3 1 «C 54 TE + DDHC Nah^MN { 3 ) aCR ATEM 

754  COST ( 1 , 1 )=COST (1 , 1 )♦{  DCHC 0*  = A4 TS I 3 ) ♦ UOHCNaPAHTSN ( 3) ) 

C..--.APPLT  0VER'<E4D 
7b0  COST (I , 1 )=C0ST ( I , 1 )*BUPOEN 

C---  — IN. MOUSE  labor  & PARTS 

C--.--OFPOT 

7bl  D0MI0=NUV0L(I,3)-  OOhCO 

7b2  DOMINsNU“Ea'(I,3)-  OOhcN 

7oi  TE«Ps  DOmIO*PATLAH(3)»hMM(3)*  DOhI QaPARTS t 3 ) 

7b4  TE4P«TE«P*(  00HI\*HATLA9(3)«rt'AMN(3)*  OOH I N«PART3N  ( 3 )) 

7b5  C03T(I,n=C03T(l,n*TEMP 

C--->»AVUM  fl  AVIV 

7bb  TE«P=0, 

767  DO  300  J=l,2 

7b9  TEVP  = TE«P+(NuV0HI,  J)«RATEAB{J)»HVM(J)*NUV0LtI,  J)»PAkTSU5  ) 


r 


7h? 

770 

77; 

m 

I'i 

77U 

775 

776 

777 
7-’S 

7-»? 

’?0 

’«1 


782 

7?i 

784 

755 

7?i 

787 

788 

7S? 


791 
79’ 
79} 
78 ’4 
79} 
7 5 o 

797 

89  3 


799 

800 
801 


8 02 


SOi 


i*C  Tf  •'  = ;TL''9.  ( I , Jl.^AT^ibUO.M'^rNC  J),NU».-E;vn,  J).PA9TSN(  J)  ) 

C037  (!  , n=C'ST  Cl,  1 ) *T5''P 
; 9-,l 

Tf''Ps(*,F-,y9CI,l)*PClLB8*CJ=>)*CNFHYR(I,?)«P0i.RAN«CJP) 

C.03  7 cr,  I )=cas7(  I , u*’E'--= 

I'  741-.SP09'TiTin:,  CDS7S  TO  DEPOT 

3-p.-.T-'z  D.’-i.  .p.^nsn/ioo, 

S-PyiTM  DC-7‘.*2*LP5'V100. 

cnsTn,n=cusTci,i)*((s*'P'JTDtSnPAT;N)«xPORTi) 

CDS7  (1,1  ) =C0S7  (1,1  ) *-.DCP«Cn 

:3'’n)=cosTci,n 
IF(JFLAG.Ea.O)  so  TO  900 
:,....403  I>.  0THS9  COST  CATESOPIiS  3Y  YEAR 
’FCi.sr.S)  so  TO  800 
IPt'JPDCn.'.E.O)  -.C-ORzI 
800  IP r-i-jc n ,^E. o.op .-.YR ( I) ,Yjt .0)  ^CH^vi,9I 
: 70037  (7 

ons’cT,  i)::isT(i,  1 ) ♦Nncn+MRcn 

IP(I.LT.o)  C03T(I,l):CUST(I,n4\9D(n 

: OA.C.lATl  cuy  i C!5C3U'.Yi;o  C3ST3 

900  03S7C!  ,2)  j:05’’(  1 , 1 1 
i'.-l 

0337(1, })=C3ST(!,l)*((t,tFI)«*(.(l... 5))) 
ypl-i 

: 703ST  17 

IPCI.ST.l)  C0ST(I,2)=C0ST(M,2)4CCST(I,n 
0 ZC3ST  13 

:p(i.sT,n  cr.sTc:,i5=ccsTcy,i)  + foosTci,n*(n,*Fn.«r(.(xi-,8)in 

— oiiO:  .7  :',/=3T”E'.T 

:F(J-.tS,EO.O!  S3  TO  lOCO 
0 r 0 3 3 T I 9 

!F(I.zT.a)  VTEV9z'.93cn*M'(n*MR(I) 

I p 1 . 0-  8 . 5 ) V Y f-  V p I M ^ ( 1 ) * >.  I . ( I ) 

IP  ( T . ST,  1)  S3  T.O  9«0 
V ST  = ,'i  ■'  = .(  ( 1 .yPI  1 .•(•(  .3)  ) ) 

S3  Y3  99S 

993  V vES'z  ,VP  ST*  ( . TT  ^ R.  ( ( ; , *t  n .«  ( -(Xl-.bm  ) 

993  O.'st;-..’ 

1:00  O'  .Tr  jp 

; -?39”ST  STiTEytSTS  - PRIST  ISPJT 

2000  F39paT(1-'1  ,//T?p, 'COST  I'.PjT  DATA  - BAStLlSF'l 
?010  F3R''AT(Ihi  ,//Y22, 'COST  Irsjt  Oats  - ALTEP'-'ATE*) 

2020  F09'''AT(1ih1  ,//Tlh, 'COST  i'.PvM  data  - Al.T  F RN'A  Tt. ' , // / T } , 

1 'ISvEST45',t  C1.ST5  HV  yEa9  1 ' , / X t^,j  , ' -,0;,  ' , / T}  , ' YE  AR  * , T 1 5 , 

2 'SAD  REODRPrS  SFCMPP  1 ) 

2100  format  (///T3, 'CSSSTA'.Y  F'CYORS  : ' , / Y 3 , ' 0 v E RPE  AD  ' , Tu  7 , Ffa  . 2 , ( X , ' It  ' , 

1 /T5,  'S8A  ',  Ti,7,Fo.2, 1 X,  '7, ' , / T5,  ' PR  jP  I T ' , T 4 7 , F 6 . 2 , 1 X , 'X',/TS, 

2 '3HIPPISS  HATE  . C0\TRACT',T46,'T',T9fc,F?,2,lx,'PER  100  LBS.', 

1 /T21  , 'IS-hOjSE ',  Tus.p'j,  9,  1 X, 'PF  R 100  l«3.  ' , /T3, 'ARMY  LABOR  RATE  - 
<1  AVUM' , TU8,F3.2,  IX, 'PPR  R9.  ' , /T?3,  ' Ay  IM' , TU8,F3,2,  ix, 'PER  rB.', 

5 /T23, 'DE“3T',Tu»,F3,2,  U, 'PPR  "R  . ' , /T  5 , ' F UEL  COST  ' , T 40  , F 5 . 2 , 1 X , 

8 'PER  GALLON', /Tb, 'OISCOjyT  R A TE ' , T 4 7 , F 6 . 2 , 1 X , ' X ' ) 

2200  FORmaT(///T5, 'OPERATiss  COSY  DATA  :',Ta5,'0L3  I T t M ' , 1 65 , ' NE « ITEM' 

1 ,/T5,'X  OEPJT  MArYT.  PERFORMED  BY  CUN  T« , ' , T4  7 , I 3 , lx, 't',  767, 

2 13,  IX, 'X',/TS, 'UNBlIRNDENcO  R A TE  ' , T 44  , ' 3 ' , T46 , F5 , 2 , 1 X , ' PER  MR.' 
3,764, 'J',T68,Fb,2,U, 'PER  HR  , ' , / T5  , ' AVG , mmh  TO  REPAIR  AT  DEPOT', 

4 T46,2(F7.2,13X),/T27,'AvUM',T47,2CF6.2,14X),/T27,'AVIM',T47, 

5 2(F6.2, lUX) , /T5, 'AVG,  value  OF  RART3  CQnSU“E0  AT  DEPOT  $ ',F8,2, 

6 T63,'t  ' ,F8.2, /T37, 'AVUV', T47,2(F6.2, 14X1 ,/T37, 'AvIM' ,T47, 

7 2CF6.2, 14X) ,/T5, 'PART  SmIpbING  aE IGHT ' , T47 , 1 S , 4X , 'LbS . ' , Tb7 , 1 3 , 
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» UX,  'i/IS, 'SK  PfK  'Lr,  , TJ7,  Fb. t X,  '!.nS.  ' , Tb7,F6.a,  1 X , 

9 , ///T  5, 'P;,T.r;9i"'  ’'G'XT.  :03T  FEW  YEAW  i',/) 

?}!10  Fnw'»'4T(?0(/Ti6,I?,SX,If)) 

2i400  FOW“ATt//T’i,  *W->D  COSTS TU9  , 'QvEWbEAO  AL  W E Afl  r • , / T 5 , * CO  .T  W4  C T ' , 

1 T51  , 'I^CLUOED  ?'  , / T7,  'E\r,IMEE»I  '.G' , Tift,  FO,  0, 7x,  1 Au,/T7  , MOBlI-.g'  , 

? T3S,F9,0,7X,1Au,/T7, 'PROTOTYPE  PROOOCTION',TJH,F9.o,7x,lAu,/T7, 

3 *0THEW',T38,Fq.0,7X,;«W,/T7,*Gll4<,T3S,F9,0,/T7.'PPOF!T',T3W,F9.0, 
u /TT.'OTY,  of  prototype  S' , T 3?.,  f 9,  fl , /TS,  ' r-nJuSE /T7  , 'PROGPAW  hGv 
5T.  ' , T38,FR.O, /T3, 'IF  ELE^evTS  v'T  b»0«E'J  OOT,  TOTAu  ',F9.0,/T3, 
b 'ESTI'-ATE  R3D  CCSTS  ?'.TU2,IAi,) 

2500  FOR’'AT(//T3,  MNVEST'xEtgT  MOSREC  u«R  I ‘.G  COST  S ' , / T5  , ' CCMTR  AC  T ' , / T 7 , 

1 'ADv  prod  EMGr,EERI’.r.',T38,F9.0,7X,  lAa,XT7, 'TOOLING', T36.fr. 0,7X, 

2 lAU,/T7,'^'AMUEACTURING',T5rt,FR.0,7X,lA«,/T7,'UUALITY  CONTROL', 

3 T38,FR,o,7X,lAa,/T7,'OTHER',T36,FR.0,7x,iAa,/T7,'GRA',T38,FR,0, 
ti  /T7,  'PROFIT  ',  T36,F  R.O,  / Tb,  'IN.‘,OliSE  ',  / T7  , 'PKOC.RAW  m&mt  . ' , T38, 

5 FR,0,/T3,'TF  FcE*'r.NTS  NjT  8W0^f\i  OmT  , TOTAL  ',FR,0,/T5, 

6 'E3TIV4IE  NO'.RECCP»r.G  COSTS  ?',Ta2,lAu) 

2b00  FORVAT  (7/T3,  ' INVESI-^ENT  RECJwRU-G  COST  S ’ , / T5  , ' C ONTR  A C T ' , / T7  , 

1 'ENGINFERriG',T36,FR,0,7X,1AU,/T7,'TOOLING',T36,FR.0,7x,5Au,/T7, 

2 'GUALITY  control', TSP.Fr.O.TX.IAu./TT.'vjnuFACTuRING'.TSP.FR.O, 

3 7X, 1AU,/T7, 'FIRST  OEST,  T R A \SPDR T A T I ON ' , T 38 , F R , 0 , / T 7 , ' OT »ER ' , 

R T36,FR.0,/T7, 'GAA',T56,FR,0,/T7, 'PRCFIT',T38,FR.0,/T5,  'IN-hGUSE', 

5 /T7, 'TRAT  SPORTaTIO  , ’ , T3  A , FR,  0 , /T7  , 'PROGftAv  WG'XT  , ' , T 36  , 

6 FR,0,/T5, 'TOTAL  GTY. ',Tr0,F7.0,/T3, 'IF  ELE'^ENTS  NCT  HROXEN  CuT,  T 
70TAL' ,T38,FR.O, /T3, 'ESTIVATE  SEC-RbI',G  COSTS  ?',TU2,lAi.) 

2700  FaRVATC5(/,ux,I2,3(3X,I8  ) ) , 1 5 ( / , 4X , 1 2 , 1 ax , 1 8 , 3x,I8  )) 

RETURN 

END 


PROGRAM  OUTPUT 

aiPCRAFT  . U7C  RASElINE 

C.AS3  - 1 

CRUISE  S»EEO  (Khbh) 

2R000  LSS  i 

internal  

?5R 

EXTERNAL  

218  I 

C43IN  COhRARTvENT 

j 

Floor  area  ........... 

2-0  SO. FT.  1 

NJMoER  OF  SEATS  

a a 

number  D»  LITTERS  ---- 

2A 

AMSJLATQRy  SEATS  --- 

2 

MISSI' T 

LEG 

number  of 

CARGO 

INDV 

NO  TYPE  CLS 

tyre  no 

DIST 

PAX 

LITS 

POUNCS 

LOAD 

SORTIES 

FLT.  HRS, 

1 6 1 

1 1 

25b 

212ft72 

0 

65022720 

1 

0838 

U8J8 

2,016 

R849,09« 

number  of  aircraft 

18. 

utilization 

so.ac 

MEAN  time  between  maintenance 

0.7505 

to  X E SIZE 

6 

MTTR 

2.150 

expected  queue  length 

0,2125 

EXPECTED  waiting  TIME  FOR  MEN 

0.13FO 

expected  no.  tasks,  in  system 

1.6229 

EXPECTED  time  IN  SYSTEM 

2,2840 

probability  of  no  tasks,  in  system 

0.0319 

total  waiting  time 

142,7950 

total  down  time 

2414,5980 

norm-  waiting 

1,3281 

norm,  total 

22.6412 

N0R8  - fINPUT) 

7,0000 

availability 

70,1588 

HkS/4C/«0 
M tj  0 ^ S 
CkF 
Hb'.'flS 
TAS^S 
HOURS 

hours 

HOURS  (f'AILS.  X EXR,  WAIT  TIME) 
HOURS  t FAILS,  X EXR,  TIME  IN  STS.) 

X f TOT.  HAIT  TIMt/TOT  AC  CAL,  HRS.) 
X ! TOT,  DOWN  TlMt/TDT  AC  CAL.  HRS.) 

X 

X 
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AI'SlRiFT  . Ul  4l.TER^ATF 
CuASS  - 1 


payload  UBS 

CRJISE  SPEED  (xvPM) 

IVTERnAi,  25<> 

EXTEPVAu  2i3 

CA3IS  C3»pA3TyenT 

ElDOP  area  ...........  2tt0  SC, FT, 

NJ^ISER  OF  SEATS  Ut| 

\J''9ER  OF  litters  Za 

A''3JLAT0RY  SEATS  2 


«!SSI3N 

LEO 

number  Of 

CARSO 

IM)V 

TYP£  :l3 

ty»£  no 

OIST 

PAX 

LITS 

ROU^DS 

LOAD 

SORTIES 

flt,  hRS, 

0 i 

1 1 

255 

212872 

0 

65022720 

1 

RfluO 

itiltO 

?,0J6 
985i. 1 6R 

S-.tvtrs  r,F  aircraft 

15. 

JTIlITatION 

52. R9 

HRS/ AC/MO 

TH-E  SFT^EEN  maintenance 

0.7513 

nOuRS 

70  » E SUE 

6 

CHEaS 

XT  T B 

2.050 

hours 

EYFfOTED  OJEUE  length 

0.2125 

TASKS 

E»pf:TEO  waiting  time  for  men 

0.1277 

hUUHS 

e,or;TFr)  NO.  TASFS,  IN  SYSTEM 

3.6228 

Ey»:0TEO  time  jn  system 

2,1777 

HOURS 

pRORASIlITy  of  no  TASXS,  in  SYSTEM 

0 , 031  R 

tota,.  waiting  time 

la2,7707 

HOUR  S C F A 1 L S , 

X EXP.  aAIT 

TIME) 

TOTAi  DOaN  time 

2R3F.5100 

HOURS  ( fails. 

X EXP.  TIME 

IN  SYS,  ) 

norm.  aaITING 

1,3279 

X ( TOT,  ftAIT 

TUt/TOT  AC 

CAL.  MRS. 

NORM*  total 

22,6R2a 

X ( TOT,  DOWN 

TIMt/TOT  AC 

cal,  HRS. 

NORS  • fINSuT) 

7,0000 

X 

AVAIlASILITY 

70,3576 

X 
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FLEET  SIZ1^G  Su*''^4»v 


baseline 

alternate 

F.r.  h:js.  SE5iri»£D 

T^  »ESe3?..  ■.•1SSI3^ 

96L9. 0<s 

6953.1b 

ivtiuJrtiLJTY  Constant  i 
availability  >; 

OTIl,  CF></AC/i'0) 
fleet  size  (AC) 

70,36 
50.00 
16b, 69 

70, 3b 
52.  A6 
187,70 

►<3L?I‘.3  JTIlI?aTIO\  constant  | 
AYAI^iSI.ITY  X 
U^’lL.  (F-./iC/'-'OJ 
fleet  size  (AC) 

70,56 
So. 00 
1 6o, 9S 

■’1,71 

50,00 

167.0b 

holoin;  Fleet  size  constant  i 
avakasIlITy  X 

OTK,  (F,/4;/v.3j 

fleet  size  (AC) 

70.36 

50,00 

l6b.6B 

71.66 

50,02 

166.69 

M03IFIC4TI0N  INCONPORATID^  DATA  - OLD  STIfPNER 


I N P J T S I 

ND.  OF  «DNTHS  IN  STUDY 
NO.  OF  components  in  fleet 
1PPE5,  delivery  RATf  ? 

IF  constant,  DELIVS.  PER  MO, 

NO,  OF  months 
AC  DELIVERED  iVlTH  MOO  ? 

START  MONTH 

IRRE5.  UTILIZATION  ? 

FLT,  MRS. /COMP. /mo, 
total  AC  DELIV,  yiITM  MqD 
IRREO.  field  mod  INCORP,  RATE  7 
IF  constant,  incqbps,  per  mo, 

IF  IRSEO.,  NO,  OF  MONTHS 

total  incorporated 

start  month 

dYy.  spares  on  hand 

QTY.  pipeline  spares 

COMP,  ATTR,  rate/100000  MRS, 


mTBF 

MT3R  TO  AVIM 
MTSR  TO  DEPOT 


OLD  ITEM  NE*  item 

206,02  2R2,6S 

0,00  0,00 

0,00  0,00 


OUTPUTS! 


MAINT,  ACTIONS  AT 

AVJM 

AVIM 

DEPOT 


old  item  NE.s  item 


FLT,  HRS, 


JSOROOO 


INIT,  SPARES  RED.  PER  LOC,  0 
COMPS,  ATTRITEO  70 
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I 


«0TinC4TinN  tSC0«P0»4TI0N  t)4T«  - Ntw  STIFF^ErJ 


I N P J T S I 

V).  Of  «3‘vTw3  jm  STUOr  160 

^0,  OP  CO'‘PO\FMS  IN  fleet  JOs 

IPPEG.  OELlvESr  P«7E  7 NO 

IF  constant.  DELINS,  PE»  “0.  4 

NO.  OF  v*onths  as 

4C  OEtlVEPEO  rlTH  «0D  7 YES 

STA9T  43NTM  jT 

IPPEG.  'JTTlUOTION  7 NO 

FLT,  wPO./CO'TP./'-'O,  SO 

TOTAL  AC  DELIV,  aIT-  ><00  b^ 

IPPEG.  FIElO  nQO  INCOPP.  PATE  ^ r.O 
IP  constant,  INCORPS.  pep  «0,  57 

IF  IPPEG.,  NO.  OF  vasTrtS  0 

total  INOOPPOPATED  544 

STAPI  '^ONTH  15 

CTY.  shapes  on  hand  1 P0NT4S 

GTY.  pipeline  spares  4 NQNTPS 

CO«P.  ATTR.  RATE/100000  HPS.  2.00 


MTBF 

WTBP  TO  AVlM 
WT3R  TO  DEPOT 


old  item  NEa  ITE” 

206,02  292.65 

0,00  0,C0 

0,00  0.00 


0 J T P J T 3 I 


vAINT,  actions  at 

AYJM 

AYIM 

DEPOT 


old  item  ney.  item 

1568  11009 

0 0 

0 0 


FLT.  HPS. 


281950  3222050 


INIT.  SPARES  REO,  PEP  LOC.  0 
COMPS.  ATTRITEO  64 
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COST  INPUT  DATA  - BASELl^*t 


constant  PACTORS  I 


OVEPhEAD 

180, OP 

X 

3&A 

17,00 

X 

PROP  IT 

10,00 

X 

SHIPPING  PATE  • 

CONTRACT 

J 17,00 

Ptp 

100  LBS, 

IN-HOUSE 

13,00 

PE« 

100  LbS, 

ARMY  labor  RATE 

• AVUM 

10,00 

PER 

HR, 

AVIM 

11,00 

Pt« 

HR, 

DEPOT 

1 3,b0 

PE« 

MR, 

FUEL  COST 

O.MS 

P£R 

GALLON 

DISCOUNT  PATE 

10,00 

X 

OPERATING  COST  DATA  i 

OLD  ITEM 

neh  item 

X DEPOT  “AINT.  PEPFORMED  BY 

CONTR, 

0 X 

0 X 

uNBURNDENED  RATE 

S 0,00 

PEP  HR. 

S 0.00 

Per  hr 

AV3,  MMH  to  REPAIR  AT  DEPOT 

0,00 

0,00 

AYUM 

6,90 

0,00 

AVIM 

0,00 

0.00 

AVG,  VALUE  OF  PARTS  CONSUMED 

AT  DEPOT 

S 0,00 

i 0,00 

AVUM 

S.OO 

0,00 

AVIM 

0,00 

0,00 

PART  SHIPPING  height 

0 

LBS. 

0 

LBS, 

sf:  per  flt.  hr. 

0,00 

LBS, 

0,00 

LBS, 

PPOSRAM  v(5MT.  cost  pep  tear  | 


1 0 

2 0 

i 0 

tt  0 

5 0 

b 0 

7 0 

8 n 

P 0 

1 0 0 

1 1 0 

12  0 

13  0 

IP  0 

15  0 

lb  0 

17  0 

16  0 

IP  0 

20  0 
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COST  I*JPUT  DATA  - ALTJS'gATt 


{■ 


C0\STAMT  factors 


OvERiEAO 

IBO.OO 

X 

G&A 

17.00 

X 

PROFIT 

10.00 

X 

SHIPPIMG  Rate  - CONTRACT 

1 17.00 

PEH 

100 

LBS. 

in-mouse 

13.00 

per 

100 

LBS, 

army  labor  rate  • AVUM 

10,00 

PER 

HR, 

AVIM 

11.00 

per 

HR. 

DEPOT 

13.50 

PER 

HR. 

EUEL  COST 

0.a5 

per 

gallon 

OISCOJNT  RATE 

10.00 

X 

peratins  cost  data  I 

OLD  ITEM 

NEh 

ITEM 

% DEPOT  MAINT.  PERFORMED  BY 

CONTR. 

0 X 

0 X 

UNBURNOENEO  rate 

S 0.00 

PER 

HR  , 

s 

c.oo 

AVG,  mmh  to  repair  at  depot 

0,00 

0.00 

AVuM 

B.90 

8,90 

AVJM 

0.00 

0.00 

AVG.  value  of  parts  consumed 

AT  DEPOT 

S 0.00 

s 

0.00 

AVUM 

5.00 

5.00 

AVIM 

0,00 

0.00 

PART  SHIPPING  height 

0 

LBS. 

0 

sec  per  flt.  hr. 

0.00 

LBS. 

0.00 

LBS. 


program  MG«T,  cost  per  year  j 


1 n 

2 0 

3 0 

A 0 

5 0 

6 0 

7 0 

B 0 

R 0 

10  0 

1 I 0 

12  0 

I 3 0 

1 4 0 

15  0 

1 b 0 

17  0 

18  0 

19  0 

20  0 
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COST  INPUT  D4TA  • ALTtPN^Tt 


S*0  COSTS 
CONTRACT 

ENSUiEBING 

TOOLING 

PROTOTYPE  PRODUCTION 

other 

G&A 

PROFIT 

OTr.  OF  prototypes 
IN-NOJSE 

PROGRiY  HGyT, 

IF  ElEYEYTS  NOT  3R0KEN  OUT,  TOTAL 
ESTIYATE  R&D  COSTS  ? 


Overhead  already 

INCLUDED  ? 

0.  NO 

0.  NO 

0.  NO 

0,  NO 

0. 

0. 

0. 

0. 

c. 

NO 


INvESTyFnT  nonrecurring  COSTS 

CONTRACT 

ADV  SROO  engineering  -D,  NO 

TOOLING  0,  NO 

yanUFACTURING  0,  NO 

OUAlITY  control  0,  NO 

other  0.  NO 


GAA  0. 

profit  0. 

in-hdusf 

RROGRAY  wr,YT.  0, 

IF  ELEyENTS  not  broken  out,  total  16037. 

ESTIYATE  nonrecurring  COSTS  ? NO 


INVESTyent  recurring  COSTS 
contract 

engineering  0. 

TOOLING  0, 

OUALITY  control  0, 

yanUFaCTJRING  0, 

FIRST  DEST,  transportation  0. 

other  0. 

GSA  0. 

RBOFIT  0, 

IN-mOuSE 

transportation  0, 

RROGRaY  YGmT,  0, 

total  OTY,  ASO, 

IF  ELEYENTS  NOT  BROKEN  OUT,  TOTAL  TURbS, 

ESTIYATE  RECURRING  COSTS  ? NO 


NO 

NO 

NO 

NO 


100 


COST  IMPUT  DAT4  . 4LTERNATE 


I'JVEST'tENT  COSTS  By  YEaP  I 


YEAP 


NON 

R&O  RECURPING  RECURRING 


1 

i 

J 

a 

5 

6 

7 

8 
9 

10 

1! 

1? 

n 

lU 

15 

16 
IT 
18 

19 

20 


16027 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 


0 

2382 

72581 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
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L. 


j 

1 

1 

1 

1 

njTPuTs  1 

baseline 

alternate 

{ 

1 

i 

1.0 

BE5E42C4  4 development 

0, 

0. 

1.01 

:n\TBicT 

0. 

0. 

1.011 

F'.SI*'  EERING 

0. 

0. 

1 .oia 

tooling 

0. 

0. 

1 .on 

prototype  production 

G. 

0. 

1 .0114 

OTHER 

0. 

0. 

1.015 

G.  3 A 

0. 

0. 

1 .Olb 

PROFIT 

0. 

0. 

1.017 

QUAMITr  OF  PROTOTYPES 

0. 

0, 

1.02 

IN-nOUSE 

0. 

0. 

1.02U 

PROGRAM  management 

0. 

0. 

0. 

0. 

0. 

0. 

?.o 

Investment  nonrecurring 

n. 

16027, 

2.0! 

contract 

0. 

0. 

2.011 

ADV  PROD  ENGINEERING 

0, 

0. 

2.012 

TOOulNG 

0. 

C. 

2,01i 

manjcacturIng 

0. 

0. 

2.014 

quality  control 

0. 

0. 

2.015 

OT-ER 

0. 

0. 

2.010 

G 3 A 

0. 

C. 

2.017 

PROFI r 

0, 

0. 

2.02 

IN •house 

0. 

0. 

2,023 

PROGRAM  management 

0. 

0.  f 

0. 

0.  - 

0. 

0*  1 

3.0 

investment  recurring 

0. 

7496J. 

3.01 

contract 

0. 

3,011 

engineering 

0. 

0. 

3.012 

tooling 

0. 

c.  1 

5.013 

quality  control 

0. 

0. 

3.014 

manufacturing 

0. 

0. 

3.016 

FIRST  DEST  TRANSPORT 

0. 

3.017 

other 

0. 

0.  ' 

3.018 

G 3 A 

0. 

0. 

3.01? 

profit 

0. 

0. 

3,02 

iN-HOijsE 

0. 

0. 

3.025 

transportation 

0. 

0, 

3.026 

PROGRAM  M4vAGEV£fjT 

0. 

0, 

3.03 

total  quantity 

0. 

450. 

0. 

0. 

0. 

0. 

4.0 

operating  costs 

1598751. 

1163437. 

4.01 

contract 

0. 

0. 

4.012 

0. 

j 

4.015 

transportation 

0. 

0. 

1 4,016 

DEPOT  maintenance 

0, 

J 

' 4,017 

other 

0. 

0.  \ 

4.02 

in-house 

1598751. 

1103437, 

i 

4.021 

maintenance  labor 

1513711 , 

1101552,  T 

4.022 

consumption 

85040, 

61885, 

4,0221 

parts 

350un, 

61885, 

4,0222 

POL 

0. 

0. 

4,025 

transportation 

0. 

0. 

1 4,026 

DEPOT  maintenance 

0. 

0. 

4,027 

PROGRAM  management 

0. 

0. 

4.03 

total  qty  operated 

396, 

396, 
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